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SUMMARY 
 
Monoc1ona1 antibodies were developed against pathogenic vibrios for use                      
in rapid identification in disease situations of humans, fish and                                        
shellfish. Of the 12 fusions performed using V. alginolyticus, V.                        
anguillarum, V. carchariae, V. cholerae, V. damsela, V. furnissii, V.                                  
harveyi, V. ordalii, V. parahaemolyticus and V. vulnificus, a total of                                 
102  hybridomas were obtained. Based on cross-reactivity of a wide range                            
of Vibrio strains and other gram-negative bacteria, three broad types of               
monoclonal antibodies were found. The three categories were: (1) ones                                
that were species-specific or specific to a particular surface antigen,                                   
(2) a large number that reacted with several Vibrio species, and (3)                                
three that reacted with most Vibrio strains but no other gram-negative                      
bacteria. 
 
Each species-specific monoclonal antibody only recognized its                         
corresponding Vibrio species and was used for identifying unknown                        
species, confirming diagnosis of clinical isolates. In addition,                                    
several monoclonal antibodies only cross-reacted with similar Vibrio           
species, e.g. V. parahaemolyticus and V. alginolyticus which share a                
common H-antigen. Monoclonal antibodies reacting with several Vibrio 
species were not of particular use in diagnostic situations. Three           
monoclonal antibodies of the last group did not react with other genera            
of the family Vibrionaceae, namely Aeromonas, Photobacterium and                   
Plesiomonas nor a wide range of gram-negative enteric bacteria. These             
data indicated the existence of an antigenic surface determinant common              
to Vibrio species. One monoclonal reacted with the heat-stable                  
antigenic determinants on the cell surface as v as lipopolysaccharide         
extracted from all the vibrios studied, thus making it useful for large-               
scale screening of acute infections of vibrios. 
 
In a blind test, seven Vibrio species, isolated from 6 marine and a           
freshwater source were identified by two laboratories using phenetic                
tests. Results of immunotyping using monoclonals, three of seven were 
diagnosed as the same species, another three were designated as Vibrio 
species but could not be classified further due to the library not                         
having the corresponding monoclonal, and one was diagnostically 
questionable. Two further tests were carried out. An unknown Vibrio 
formalin-fixed   isolated   from   diseased   marine   animal   was  identified  as                        
 
 xviii
V. parahaemolyticus by ELISA and FITC. Clinical human isolates of V.            
alginolyticus, V. parahaemolyticus and V. vulnificus were confirmed by 
monoclonals. 
 
Australian isolates of V. anguillarum appeared to be mostly of serotype              
O1. monoclonals raised to V. anguillarum AFHRL 1 reacted with only 
serotype O1 from Denmark but also most Australian isolates. 
 
All vibrios pathogenic to fish and shellfish, i.e. V. anguillarum, V.                 
ordalii, V. alginolyticus, V. carchariae, V. cholerae, V. damsela, V.              
harveyi, V. parahaemolyticus and V. vulnificus, were used for attachment 
studies to fish cells using phase contrast and FITC-immunofluorescence 
microscopy. Of these vibrios, V. anguillarum, V. ordalii and V. 
perahaemolyticus, were found to adhere to different cells and tissues of 
rainbow trout while others did not appear to attach. However,                   
attachment was inhibited by monoclonal antibodies specific to only these 
three vibrios. 
 
Lipopolysaccharide is well known as being a contributing factor in 
pathogenicity of gram-negative bacteria. PAGE electrophoresis of              
extracted LPS from 9 strains covering 6 Vibrio species showed the             
presence of a common 15,000 D fragment. This fragment was verified by 
immunoblotting with a genus-specific monoclonal antibody (i.e. F11P411F) 
recognizing nearly all vibrios. The common LPS fragment was separated            
and used to raise polyclonal antisera in mouse which reacted strongly         
with LPS itself, live as well as sodium azide-killed vibrios, but not                 
with other gram-negative bacteria. This raised the possibility of               
developing vaccine from Vibrio LPS. 
 
Monoclonal antibodies developed in the present study enabled rapid 
identification of a number of pathogenic Vibrio species. There is still             
further work to produce monoclonal antibodies against additional vibrios         
that are probably pathogenic. These included V. fluvialis, V. hollisae,                
V. metschnikovii, V. minicus, V. salmonella and V. tubiashii. Together              
the application will be of significance in clinical diagnostic work, in                 
the monitoring of vibriosis in fish farms and in quarantine. 
 1
CHAPTER ONE 
 
INTRODUCTION TO VIBRIOS AND THEIR DIAGNOSIS 
 
1.1  General description of the genus Vibrio 
 
The family Vibrionaceae includes four genera, viz., Vibrio, Aeromonas 
Photobacterium and Plesiomonas (Baumann et al., 1983, 1984; Bryant et       
al., 1986 a,b). Each of these may consist of one or more different                
species. For example, Vibrio is represented by 29 species based on              
several taxonomic studies (Lee et al., 1985; MacDonell et al., 1985).              
Most of the vibrios are found in aquatic environments, but they can also            
be isolated from animals, e.g. fish, oysters, prawns and humans. They                  
can be pathogenic to a wide range of hosts (Pacha et al., 1969; Garland                 
et al., 1983; Kaysner et al., 1987). Most Vibrio species are harmless 
saprophytes (Pelczar et al., 1986). 
 
Some of the distinctive features of Vibrionaceae include: (1) cell               
diameter is bet 0.3 and 1.3µm, (2) cell shape is that of a curved or                  
straight rod, (3) cells are motile by means of polar flagella, (4) cells               
are usually oxidase positive, (5) sodium ions are required or are               
stimulatory for growth of this genus, (6) cells do not contain the 
enterobacterial common antigens , and (7) the organisms have simple 
nutritional requirements (Baumann et al.,1984; Pelczar et al., 1986).                   
The biochemical and growth characteristics of the family Vibrionaceae               
are listed in Table 1.1. 
 
As a member of the family Vibrionaceae, the genus Vibrio is               
distinguished from other genera of the family Vibrionaceae by having           
flagella that are covered by a membrane. The organisms occur in aquatic 
habitats with a wide range of salinity. Some species can emit light of                   
a blue-green colour as a result of an oxygen-dependent reaction. Under          
the microscope, the Vibrio bacterium looks morphologically like a comma           
or curved rod and has a negative reaction to Gram’s stain. They tend to          
be highly motile and grow in the basic peptone water media. Most Vibrio 
species, with the exception of V. hollisae, grow well on thiosulphate               
citrate bile sucrose (TCBS) agar medium. V. hollisae grows well on               
blood agar (Hickman, 1982; Sakazaki, 1986). 
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Table 1.1. Biochemical and growth characteristics of Vibrio, Aeromonas, 
Plesiomonas and Photobacterium (Cowan, 1974; West et al., 1984; Baumann 
and Schubert, 1984 ; Lee et al., 1985 ; Khardori et al., 1988). 
 
+,    85-100% strains positive; 
d,    16-84% strains positive; 
- ,    0-15% strains positive; 
( ),   delayed reaction in test or delayed growth; 
D,    different reactions given by lower taxa; 
.,     not known; and 
v,  variable reaction. 
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Aeromonas bacteria are straight rods that have non sheathed flagella.              
These organisms are found in fresh water and sewage. Some species are 
pathogenic to fish and frogs , e.g. A. salmonicida is the causative agent                  
of furunculosis in salmon and trout (Pelczar et al., 1986; Austin et                      
al., 1987). 
 
Photobacterium bacteria are luminescent and give off a yellowish light             
when respiring with sufficient oxygen. Most luminescents are marine;             
they are usually associated with fish and may be “the battery” in the                 
fish’s luminescent organs and markings (Norton, 1981). 
 
Plesiomonas may be pathogenic for fish as the strains have been isolated  
from various diseased captive animals and is also common in the aquatic 
environmant (Lee et al., 1985; Khardori and Fainstein, 1988). One of               
the species, P. shigelloides is now considered to be enteropathogenic to                
man (Lee et al., 1985). Members of this genus typically show bio-             
chemical reactions that produce β-galactosidase, arginine dihydrolase,            
indole, lysine, ornithine decarboxylase and oxidase (Austin et al.,                   
1987). A characteristic of this genus is that some strains , e.g. P.            
shigelloides, are agglutinated by phase 1 Shigella sonnei 0-antiserum 
(Sakazaki et al., 1959). The organism however can be distinguished from 
Shigella by its motility and its oxidase activity (Cowan et al., 1974). 
 
As shown at Fig. 1.1, the major difference between Vibrionaceae and             
other enteric gram-negative bacteria is the former being oxidase                   
positive with the exceptions of V. metschnikovii, V. gazogenes, and 
Photobacterium phosphoreum, while the latter being oxidase negative             
(West et al., 1984). 
 
1.2  Vibrio pathogens in humans 
 
Gastrointestinal illness is the most common disease caused by Vibrio          
species. The pathogenic strains include V. cholerae O1, V. cholerae              
non-0l, V. parahaemolyticus, V. fluvialis, V. mimicus, V. hollisae, V.  
furnissii, V. vulnificus and V. alginolyticus (Table 1.2) . The most                    
important species of this genus is V. cholerae O1, which causes profuse, 
watery diarrhea and life-threatening dehydration. This serious illness                   
is known as cholera. Other strains of this genus, such as V.                              
alginolyticus, V. damsela, V. metschnikovii, as well as V. vulnificus,              
have    been    thought    to   be   linked   with  extraintestinal   infections,   e.g. 
 4
 
 
 
 
 
 
 
 
Fig. 1.1. Scheme for screening gram-negative asporogenous rods commonly 
encountered in natural aquatic environments (Buchanan and Gibbons,           
1974). 
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Table 1.2. Vibrio species associated with human diseases (Tison et al.,              
1984 ; Morris et al., 1985 ; Sakazaki, 1986 ; Molitoris et al., 1989). 
 
 
 
wounds, ear and eye infections , and even septicemia (Blake et al., 1980;              
Morris et al., 1985 ; Molitoris et al., 1989). 
 
V. cholerae O1: The best known Vibrio pathogen is V. cholera which, in             
humans, secretes a lethal enterotoxin, cholera toxin (CT). V. cholerae               
is the causative agent of cholera, an ancient lethal disease which was             
present in the classical world and Arabia and in Europe in the                
seventeenth and eighteenth centuries. The disease has occurred in a                
series of explosive epidemics. Early in the nineteenth century, there                  
were six cholera pandemics which were generally associated with               
situations of poor hygiene. Due to little understanding of the etiology                  
of cholera by medical workers in the seventeen and eighteen centuries              
(Van   Heyningen   et   al.,  1983),   thousands   of   people   consequently  lost 
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their lives. Cholera is still a severe health problem in many parts of               
the world, particularly, in the developing countries of Asia, Africa and              
Latin America. Seroepidemiologic surveys in Thailand have shown that               
the incidence of cholera was 25 per 100,000 people per year since 1960’s 
(Chongsa et al., 1986; Iwami et al., 1988). One cannot escape from              
cholera, even in the developed countries , because tourists and imported    
food may transfer the pathogen across continents in a matter of hours                  
(Van Heyningen et al., 1983 ; Chongsa et al., 1986 ; Brayton et al.,, 1987; 
Hunt et al., 1988 ; Desmarchelier et al., 1989). The children who are              
under nourished and live in the developing areas are likely to be                   
affected by the disease (Iwami et al., 1988; Glass et al., 1989). The 
transmission of cholera may be through direct contact with carriers or             
by the ingestion of contaminated water or food harvested in areas of                 
poor sanitation. 
 
The disease is clinically characterized by diarrhea (‘rice water-like’              
stools), vomiting and abdominal discomfort with or without fever. Peak             
stool losses occur within 24h of the onset of severe diarrhea and may            
exceed 10 to 15L of fluid per day (Volk, 1982) or up to 1L of fluid per               
hour during the height of disease (Murray, 1990). V. cholerae strains             
secrete a potent enterotoxin into the lumen of the intestine of infected 
individuals which causes the clinical symptoms of cholera. The             
enterotoxin is a hexamer consisting of one subunit A and five subunits B  
(Van Heyningan et al., 1983). The subunits B are responsible for              
attachment of the toxin to the surface of the epithelial cells of the                      
small intestine of mammals. The subunit A then penetrates the                    
intestinal cell membrane and is cleaved to yield a fragment Al and             
fragment A2. Whereas the function of the A2 peptide is to connect the                 
Al peptide to the five B subunits, the Al fragment causes an alteration                   
in the regulatory protein that governs the activity of the enzyme,               
adenylate cyclase (Pelczar et al., 1986). As a result ATP is converted                    
to a high concentration of cyclic AMP (cAMP) as follows: 
 
ATP → 3’,5’ -cAMP + pyrophosphate 
 
The high level of cAMP in turn causes a loss of electrolytes from the  
intestinal cells into the lumen of the intestine thereby causing                      
diarrhea. Ultimately, blood is the source of this fluid. Since                       
bicarbonate ions are lost from blood, the pH of the blood falls, which                
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may lead to death from acidosis. Moreover, as the diarrhea proceeds,           
protein and red cells become increasingly concentrated in the blood,                    
i.e. hemoconcentration, leading eventually to hypovolemic shock and 
circulatory collapse. Death, which may occur in as many as 60% of              
cases, results from severe dehydration and loss of electrolytes (Volk,             
1982). This inevitably results in profound dehydration and circulatory             
collapse. The key to treatment of severe cholera is to balance the lost              
hydro-electrolytes by means of the replacement of fluid, salt and             
bicarbonate ions. The administration of tetracycline can help to                  
eliminate the bacteria from the small intestinal tract and to shorten                
the duration of diarrhea. As for prevention of the disease, an ideal                       
and effective vaccine has still not yet been developed. Immunization                  
with a vaccine based on an inactivated V. cholerae cell preparation will 
provide a short term protection. It is useful only for individuals who                  
will be in an endemic area for less than 6 months (Sulianti et al.,                     
1978; Levine , et al., 1983; Ciznar , et al., 1989; Murray, 1990) 
 
V. cholerae strains have been assigned into various serovars based on               
their somatic O-antigens (Gardner et al., 1935). Serogroup O1 strains                       
are responsible for outbreaks of epidemic and pandemic cholera. The O1 
serogroup has been further divided into the three main serotypes: Ogawa, 
Inaba and Hikojima. These serotypes share a common group O-antigen 
designated the type-A antigen, but possess different type B and type C 
antigens, i.e. Ogawa-AB, Inaba-AC and Hikojima-ABC. The O1 serogroup 
strains have also been subdivided into two biotypes: “El Tor”, which is             
haemolytic on sheep blood agar and “classical”, which is non- haemolytic.  All 
other strains of V. cholerae were grouped together loosely as the                  
non-agglutinated group (NAG) or non-cholera Vibrio (NCV), because O1 
antiserum fails to agglutinate NAG group. Since both O1 and non-Ol               
strains of V. cholerae show a similarity in biochemical reactions, their 
differentiation can only be achieved by means of serological tests. 
 
V. cholerae non-Ol: With the exception of non-agglutination with V.        
cholerae O1 antiserum, the biochemical reactions of non-Ol strains are  
similar to V. cholerae O1 epidemic strains. V. cholerae non-Ol causes 
outbreaks and sporadic cases of gastrointestinal illness and                   
extraintestinal infectious diseases (Blake  et al., 1980 ; Morris et al.,               
1985). The symptoms associated with gastroenteritis include diarrhea, 
abdominal cramps, fever, nausea and vomiting. Diarrhea may occasionally   
be quite severe, characterized by as many as 20 to 30 watery stools per               
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day with blood. The pathogenicity of non-Ol V. cholerae may be               
associated with cholera-like toxin (Craig et al., 1981; Yamamoto et al., 
1983a,b; Datta-Roy et al., 1986; Yoh et al.,1986; Ichinose et al.,                   
1987). There are still some strains lacking cholera-like toxin, a few                  
instead produce other extracellular toxins, including enterotoxin. The 
extraintestinal disorders caused by non-Ol strains include wound and ear 
infections, and septicemia.  Commonly, these patients are likely to be 
accompanied with other underlying diseases, e.g. diabetes, cirrhosis of               
the liver, or chronic alcoholism. 
 
Very little is known about the occurrence of enterotoxins in other                 
Vibrio species. However, Macrina (1984) states that the heat-labile 
enterotoxin (LT) of enterotoxigenic E. coli displays remarkable                 
similarity with the cholera toxin (CT). Both toxins are bicomponent in            
nature (subunits A and B), are similar in molecular mass and share 
immunologically cross-reactive determinants. Recently, heat-labile and           
heat-stable Aeromonas toxins have been reported to cross-react with V. 
cholerae CT antitoxin (Arita et al., 1986; Khardori et al., 1988). 
 
V. alginolyticus: V. alginolyticus is a common marine isolate and has                
been isolated from shellfish. It is found in larger numbers in sea-              
water than any other marine vibrios such as V. parahaemolyticus, V.           
harveyi, V. vulnificus and V. fluvialis (Chan et al., 1986). Only after              
1973 was the organism thought to be pathogenic for humans. Clinical  
features related with V. alginolyticus include wound infection, ear              
infection and particularly burn infection (Blake, 1980). During                
infection, patients may show bacteremia . Although the organism produces 
both extracellular proteases and collagenases, its pathogenicity is not                 
well defined. It is interesting that V. alginolyticus and V.              
parahaemolyticus have been found to share a common H antigen with some 
overlapping of the O-antigens (Stein et al., 1984; Baumann et al.,                      
1984). The importance of this phenomenon is not yet known and initially                
V. alginolyticus was classified as V. parahaemolyticus biotype 2                
(Skerman et al., 1980). 
 
V. damsela: The name of this halophilic bacterium comes from the origin             
of its first isolation from damselfish (Love et al., 1981). V. damsela                   
is an opportunistic pathogen that causes wound infection and fatal                  
disease in temporate water damselfish, neritic shark and humans (Morris          
et al., 1982; Kothary et al., 1985; Kreger et al., 1987). Patients with               
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wound infections caused by V. damsela almost always have a history of             
sea-water exposure. This organism produces an extracellular toxin that           
is distinct from the one produced by V. vulnificus and is lethal to                   
mice. It leads to hemolysis of some types of animal erythrocytes, e.g.                
those of mice, rats, rabbits and damselfish red blood cells. In                       
addition, it also destroys monolayers of the Chinese hamster ovary cell              
line. This toxin may be a cytolysin (Kothary et al., 1985). 
 
V. fluvialis: V. fluvialis is a newly described halophilic Vibrio               
species that was previously classified into enteric Group EF-6 or Group               
F. Biochemically, V. fluvialis is similar to Aeromonas species (Lee et                   
al., 1978). The differentiation between V. fluvialis and Aeromonads             
depends on whether there is growth at high concentrations of salt; V.          
fluvialis grows in 6 to 7 per cent sodium chloride, whereas Aeromonas             
does not (Tison et al., 1984)). Clinically, V. fluvialis has been              
associated with a large outbreak of diarrheal disease with symptoms             
similar to that of non-Ol diarrhea. The organism produces an             
enterotoxin similar to that described for non-Ol V. cholerae (Morris et                
al., 1985). Because of the presence of erythrocytes in patients’                       
stools, the organism is thought to be invasive (Tacket et al., 1982). 
 
V. furnissii: The species V. furnissii includes aerogenic strains that               
produce gas from glucose and it was previously assigned as V. fluvialis 
biotype II (Lee et al., 1981). Clinical isolates have come primarily             
from persons living in or travelling from Japan and other parts of the            
Orient. The organism is present in the marine environment, thus sea                
water and seafood may be the infectious sources. V. furnissii strains            
generally cause gastroenteritis and common symptoms include diarrhea, 
abdominal cramps, nausea and vomiting (Morris and Black, 1985). Some 
strains produce an enterotoxin similar to that described for V.                      
fluvialis. 
 
V. hollisae: This bacterium was previously classified into enteric               
Group EF-13 (Kothary et al., 1987). Its remarkable difference from                
other Vibrio species is that the organism grows poorly or not at all on             
TCBS medium (Hickman, 1982; Sakazaki, 1986). The symptoms of patients 
infected with V. hollisae include diarrhea, vomiting and fever. Its             
pathogenesis may be concerned with hemolysin (Nisbbuchi et al., 1988).                 
To date, there are no reports of wound infection caused by V. hollisae. 
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V. metschnikovii: V. metschnikovii was first described in 1888 and              
redefined as a new Vibrio species by Lee et al., in 1978. This organism                  
is widely distributed; being isolated from rivers, estuaries, sewage,              
cockles, oysters, lobsters and other animals, including humans (Blake et            
al., 1980; Jean-Acques, 1981; Miyake et al., 1988). Occasionally, the 
organism has been found in diabetic patients who were hospitalized with 
diarrhea. Some strains of V. metschnikovii may produce an extracellular 
cytolysin which can lyse erythrocytes from many species of animals, e.g. 
those of calf, rabbit, guinea pig, mouse, sheep, chicken and horse as                 
well as humans. The toxin may also lyse the Chinese hamster ovary cell              
line. In experimental models the toxin causes fluid accumulation in the 
intestines of infant mice and increases vascular permeability in rabbit                  
skin. Its toxic action is temperature dependent, occuring only at 18°C,                  
and can be distinguished from the V. damsela cytolysin (Miyake et al.,           
1988). 
 
V. mimicus: V. mimicus is a newly recognized Vibrio species, which is 
biochemically similar to atypical strains of V. cholerae. It induces 
gastroenteritis, probably through eating raw oysters or uncooked sea             
food (Shandera. et al., 1983; Chowdbury et al., 1989). It may also cause              
ear infections after exposure to sea water (Shandera et al., 1983).                     
Since only a few strains produce a heat-labile toxin like V. cholerae                   
non—Ol toxin, the pathogenicity of V. mimicus may involve other factors, such 
as haemolysin or colonization (Shandera et al., 1983). 
 
V. parahaemolyticus: It was not until the 1950’s that this bacterium               
became regarded as a pathogen for humans. The clinical features are                      
mainly characterized by gastroenteritis syndromes such as food poisoning            
and diarrhea (Fujino et al., 1953; Sakazaki et al., 1968). Fortunately,                   
however, the illness is usually self-limiting, with a short duration.                          
No CT-like toxin has been found in the pathogenic strains , but over 95               
per cent of V. parahaemolyticus strains causing human illnesses are “kanagawa 
phenomenon” positive, in which hemolysis occurs on Wagatsuma agar (Honda 
et al., 1988; Yamamoto et al., 1989). It has been suggested              that 
virulence is associated with hemolysin production because animal        models 
have shown that these strains are able to penetrate the                   intestinal 
epithelium (Yamamoto et al., 1989). Seawater is naturally contaminated with 
V. parahaemolyticus therefore any contamination of             food with this 
water may lead to an outbreak. Like V. cholerae non-O1,              this 
pathogen has also been isolated from various extraintestinal sites,                    
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e.g. infectious wounds on, legs and ears, and also from patients                        
with septicemia (Shiaris et al., 1987). 
 
V. vulnificus: Initially, this bacterium was thought to be a variant of                       
V. parahaemolyticus because of its positive lactose fermentation and was          
also called “unnamed marine Vibrio”, “halophilic and non-cholerae                
Vibrio” (Thorsteisson et al., 1974; Hollis et al., 1976). V. vulnificus                       
is not commonly found in patients with gastroenteritis but is frequently 
isolated from patients with wound infection and septicemia. It has also             
been linked to some inflammations such as pneumonia, meningitis,               
keratitis and endometritis (Blake et al., 1980; Tison et al., 1984,                        
1986), which have followed some type of chronic underlying disease, e.g. 
leukemia, diabetes or cirrhosis of the liver. Significantly, most                     
patients with V. vulnificus infection have a history of recent contact                    
with sea water or sea food, particularly the eating of raw oysters              
(Blake et al., 1979). Recently, in Sydney, Australia, a mid-age woman,             
after eating raw oysters, died from oedema and septicemia due to V.                 
vulnificus infection (Fernandes pers. comm.). Another group of medical 
workers in Victoria, Australia, reported a 68 year-old man who had V. 
vulnificus infection with the features of an acute septic illness,                      
including shock, associated with metastatic cellulitic lesions on the                 
lower limbs progressing to bulla formation, skin necrosis, necrotising            
fasciitis and myositis (Maxwell et al., 1991). 
 
1.3     Vibrio pathogens in fish and shellfish 
 
It has been reported that a number of marine bacteria, including strains                 
of Vibrio (Table 1.3), Aeromonas and some Enterobacteriaceae have been 
responsible for a wide numbers of infectious diseases of fish and                
shellfish (Pacha et al.,  1969; Garland et al.,  1983; Austin et al.,                     
1987; Kaysner et al., 1987). Like other animals, fish are susceptible               
to microbial disease, and although the range of true pathogens appears                    
to be rather restricted, fish disease is a global matter affecting                      
freshwater and marine fish, including feral, cultured, sport fish, and                   
even ornamental fish. Severe losses due to these diseases have occurred 
among fish populations. For example, Japan has experienced losses                  
exceeding £11 million per year (Austin et al., 1987). 
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Table 1.3 Vibrio species associated with fish and shellfish diseases 
(Greenberg et al., 1984; Egidius et al., 1986; Humphrey et al., 1986;                
Austin et al., 1987). 
 
 
 
 
Bergman (1909) first described an outbreak of a disease of eels which               
was caused by V. anguillarum from the Baltic Sea. This disease was 
characterized by the appearance of bloody lesions in the musculature and 
internal organs of the infected fish. To date, at least nine species of                
Vibrio have been described as pathogens of fish. They are V.                      
anguillarum, V. alginolyticus, V. ordalii, V. carchariae, V. cholerae               
non-Ol, V. damsela, V. harveyi, V. vulnificus and V. salmonicida (Table             
1.3). Of these, V. anguillarum is the most important pathogenic agent              
for fish (Pacha et al., 1969; Tolmasky et al., 1988). Another more               
common pathogen is V. ordalii which was previously called V. anguillarum 
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biotype II. According to Trust (1986), the major pathogens of fish                     
disease are V. anguillarum which has a global distribution, and V.            
ordalii which is mainly restricted to the Pacific North of North                   
America. 
 
V. anguillarum: This species is one of the important etiological agents              
of vibriosis which is a severe infectious disease that affects marine                   
fish. Vibriosis is characterized by the appearance of bloody lesions in                
the musculature and the internal organs of the diseased fish (Pacha et                 
al., 1969). The pathogenicity n be due to the ability of the bacteria                          
to withstand the bactericidal activity of the fish’s complement system                    
and its ability to attach onto susceptible organs in the fish (Devesa et                   
al., 1985; Austin et al., 1987). Production of an endotoxin-like                           
substance, lipopolysaccharide (LPS), similar to other gram-negative             
bacteria may also contribute to its pathogenicity (Chart et al., 1984).             
However, it is well recognized that stress factors such as an increase                 
in water temperature, changes in salinity, and transfer from fresh to                      
salt water contribute to outbreaks of vibriosis. It is interesting that                       
the virulence of some strains of V. anguillarum, especially those                    
isolates from the north west of USA, is linked to a class of 50 Md                 
plasmid (Crosa, 1980). This plasmid-coded virulence is a useful tool                   
for the identification of these strains. Several serotypes of V.                   
anguillarum are now recognized. Three biotypes were initially described              
(Pacha, et al., 1969). Later, with further study, the number of                       
serotypes was increased to six (Kitao et al., 1983). More recently,                          
Sorensen et al., (1986), Larsen et al., (1988) serologically examined 317 
strains of V. anguillarum and reported the presence of ten thermo-stable            
somatic O-antigen serotypes, O1 to O10. 
 
V. alginolyticus: V. alginolyticus is known to be pathogenic to larval            
bivalve mollusks and has been implicated in disease outbreaks at oyster 
hatcheries in the United States (Tettelbach et al., 1984). It is also                
reported to cause vibriosis in cultured dolphin, Coryphaena hippurus               
(Leamaster et al., 1988). 
 
V. carchariae: This organism was originally isolated from a dead                  
sandbar shark (Cacharhinus plumbeus) in 1982 (Grimes et al., 1984,                                        
1989). Subsequently, a similar organism was recovered from a lemon                     
skark (Grimes et al., 1984; Colwell et al., 1984). The diseased fish                                        
first displays lethargy, stops feeding, and then develops necrotic                 
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subdermal cysts. Multiple inflammation may be found on post-mortem. The 
pathogenic mechanism remains to be clarified. When cultivated on agar          
plates V. carchariae has a similar morphological appearance as V. 
alginolyticus as both species swarm on SWA (sea water plus 2.0% agar) 
medium. V. carchariae differs from other Vibrio species in that it is               
resistant to 0/129 at 10µg/mL but is sensitive at l50µg/mL. According                    
to the results of DNA-DNA homology testing, V. carchariae may be more 
closely related to V. damsela than to any other Vibrio species. Both                
species share 88% homology (Austin et al., 1987). 
 
V. cholerae non-Ol: This organism is a common pathogen in shellfish,            
especially oysters (Twedt et al., 1981). The infected oysters displays             
bleeding and congestion of internal organs. The major characteristics                
of this bacterium have been described in section 1.2 of this chapter. 
 
V. damsela: V.  damsela causes fatal disease in temperate-water                
damselfish, neritic shark and humans (Love et al.,  1981; Grimes et al.,           
1984). The common manifestations include skin lesion, i.e. ulcers, and               
then muscle lysis. It is believed that the pathogenicity may be due to  
cytolysin production. Using an animal model and tissue culture             
technique, a cytolysin was found to be toxic to erythrocytes of animals              
(Grimes et al., 1984). 
 
V. harveyi: V. harveyi, a luminous species, was found in the hardshell              
clam, Mercenaria mercenaria under conditions of depuration (Greenberg et      
al., 1984). It has been found that 80% of Australian pearl oysters                    
tested carried this bacterium (Humphrey et al., 1986). 
 
V. ordalii: This bacterium, renames by Schiewe in 1981, was previously              
named V. anguillarum biotype II because both V. ordalii and V.              
anguillarum produced the same disease, vibriosis, and displayed              
serological antigenic cross-reactivity (Chart et al., 1984). However,             
there are a few differences in biochemical reactions and geographical 
distributions between the two organisms, e.g. V. anguillarum has active           
biochemical reactions but not V. ordalii (see section 3.1); the former                  
has global distribution while the latter is locally restricted (Trust,                      
1986). The symptoms induced by V. ordalii are similar to that produced             
by V. anguillarum such as haemorrhaging and septicemia. Its pathogenic 
mschanism is unknown. 
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V. salmonicida: V. salmonicida is a new pathogen of vibriosis in              
salmonids (Egidius et al., 1986). Unlike V. ordalii, there are                         
different serological reactions between V. salmonicida and V.                
anguillarum, although both cause vibriosis (Bogwald et al., 1990) . The 
disease, called cold-water vibriosis or Hitra disease has occurred in 
Norwegian salmonid farms since the late 1970s. It is characterized by            
general septicemia and hemorrhagic syndrome (Egidius et al., 1986; Wiik            
et al., 1989). 
 
V. vulnificus: This bacterium was initially described by Reichelt et                  
al. (1976), as Beneckea vulnifica.  Subsequently, it was placed in the              
genus Vibrio as V. vulnificus. Major features are that it is lactose-           
fermenting whereas other Vibrio species are not, and it phenotypically             
resembles V. parahaemolyticus. V. vulnificus has been isolated from 
numerous marine environments. Tison et al., (1986) reports that the            
highest densities are generally found in areas of high temperature (more               
than 20°C) and low to moderate salinity (0.5-2.0%).  The infected fish           
appear to have haemorrhages and redness on the skin, and the internal             
organs, such as gastrointestinal tracts, kidney, and liver are usually             
affected. Superficially, the disease resembles classical vibriosis.                    
Some reports indicate that V. vulnificus produces extracellular toxins,                   
i.e. cytotoxin and hemolysin (Wright et al., 1985; Gray et al., 1986;                      
Morris et al., 1987). They may be the pathogenic agents. 
 
1.4    Problems in current diagnosis of Vibrio 
 
In humans, the infectious diseases always show the specific abnormal 
phenomena. However it is sometimes difficult to determine whether a 
bacterium isolated from an infected fish is the perpetrator of the                 
unhealthy condition, a secondary invader of already damaged tissue, a 
member of the normal flora or a contaminant. Identification of Vibrio       
species, which possess similar morphological, biochemical and 
microbiological characteristics, still remains a problem for the            
bacteriologist using conventional, time-consuming methods. In addition,              
the conventional methods can only give a diagnostic outcome with a given 
probable confidence. 
 
Although cholera has been known for centuries, it has not been difficult               
to diagnose the disease because of its typical symptoms and clinical               
signs. In taxonomy, the numerical classification of the family            
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Vibrionaceae, which were recently addressed by West et al., (1984), Lee               
et al., (1985) and MacDonell et al. (1985), were based on biochemical 
morphological and physiological characters. The more recent                          
classification was proposed by Bryant et al., (1986a,b). Bryant’s  identification 
system, based on 142 characters, resulted in the               identification of 59 
phenons which could be separated from each other by             at least 3 
characteristics , and usually 4 characteristics . Most of the            phenons 
contained only a single species. However, much of this            identification is 
based on time consuming tests including morphology,          luminescence, 
culture and biochemical properties.  Molitoris et al.,               (1989) used a 
hybridization technique to analyse DNA relatedness of            Vibrio species. 
Recently, there has been a report of identification of                 V. anguillarum 
using rRNA sequences and probes (Rehnstam et al., 1989). 
 
Serological identification of V. cholerae O1 has primarily been             
performed by agglutination of bacteria suspended in polyclonal antisera 
(Adams et al., 1984;). However these antibodies have many limitations              
(Ito et al., 1987). In the present research, tests were also applied to                  
check identity of isolated strains prior to preparation of their                                
monoclonal antibodies (McAbs). These tests normally took several days               
to obtain a conclusion and even the end result gave only a highest             
probability for the identity of the Vibrio species. 
 
The development of diagnostic McAbs could significantly shorten the time            
of diagnosis, because according to classical methods, the detection of                   
V. cholerae O1 in fecal samples is done by culturing techniques which  
usually take several days. In addition, it is also very important to                    
rapidly identify Vibrio pathogens of fish and shellfish in order to                
commence treatment immediately and to avoid economic losses. 
 
1.5   Comparison of monoclonal and polyclonal antibodies as            
diagnostic tools 
 
As relatively new immunological reagents, McAbs have many advantages 
over conventional polyclonal antisera in that: (1) McAbs are obtained               
from one isolated clone and are therefore homogeneous and predictable;                   
(2) pure McAbs can be made to impure, even unknown, antigens; (3) 
theoretically an unlimited amount of antibodies can be obtained; (4)              
McAbs can detect components in a mixture that are present in very 
extensively small quantities not detectable by conventional antisera;                     
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(5) McAbs are available when needed since the cell lines may be 
cryopreserved in liquid nitrogen; and (6) once developed the technology             
is less expensive and may be less time-consuming than conventional 
immunization. Finally, r4Abs recognize small unique epitopes of antigen 
without the need for extensive absorption in the case of polyclonal                 
antibodies, to make than specific. 
 
The main disadvantage is that McAbs are rather poor at precipitating or 
agglutinating soluble or cellular antigens because they bind to only one 
epitope shape, which may occur only once on the antigen (Davey, 1989). 
 
1.6    Principles and concepts of hybridoma technology 
 
A McAb is a product derived from the lymphocyte fusion technique 
developed by Kohler and Milstein in 1975. The technique is based on the            
in vitro chemical fusion of murine lymphocytes with a hypoxanthine             
guanine phosphoribosyl transferase (HGPRT) deficient murine myeloma cell 
line, e.g. NS-1, Sp2/O-Ag-14 (Sp2/O), although other animal cell lines              
are now being used. Since unfused spleen cells die within several days               
and unfused myeloma cells are killed by the addition of aminopterin to              
the tissue culture medium, only the chemically fused cells (hybridomas)            
tend to survive. Hybridomas are selectively grown in a selective             
medium, the HAT system.  In this system aminopterin (A in HAT) is used             
to block the main pathway for purine biosynthesis. Normal cells can             
still synthesize nucleic and using the salvage pathway, provided they                 
are supplied with hypoxanthine and thymidine (H and T in HAT). Mutant 
cells which lack one of the enzymes required for the salvage pathway             
cannot multiply in the presence of aminopterin, and die. Mutant               
myelomas, lacking the enzyme, HGPRT, have been prepared. These cells             
are used as the myeloma “parent” in the fusion, and will multiply in the absence 
of aminopterin, but die out in HAT medium. Fusion products,            which 
have the HGPRT gene from the normal spleen cell fusion “parent”, survive in 
HAT medium. A fused cell possesses properties of the two           parent cells; 
myeloma cell protenty being the ability to survive in                       vitro for 
long term and the spleen cell protenty of secreting specific                   
antibodies (Zola, 1987). 
 
1.7    The use of McAbs in bacterial research 
 
Although   the   principle   and   methodology   of   McAb   is   similar,   each               
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application in a given area differs from that in another only in detail.                     
McAbs against bacteria are particularly important for the pathologist as 
immunological tests are often used for detecting and monitoring                
bacterial infections. Developments of McAbs against bacteria are             
contributing to the improvement of current methods for measuring            
bacterial antigens. These methods can be used for diagnosis, monitoring               
of infections and response to treatment, epidemiologic surveys, and for 
examining foods, water, soil , and other biological materials. 
 
It was one and a half decades ago that the use of hybridoma technology               
for the production of McAbs started a new era in bacterial serology as               
well as in other areas of basic and applied sciences (Kohler and                
Milstein, 1975). Some areas of microbiology, i.e., virology, were also 
influenced by these new reagents rather early (Koprowski et al., 1977). 
Reports on the development of McAbs against bacteria began to appear           
later (Polin, 1980), and only in the last few years has the number been    
steadily increasing (Table 1.4). 
 
Since the early 1980’s, only a few reports on the utilization of                McAbs 
against vibrios have been published. They mainly concern the production of 
McAbs to identify and type V. cholerae O1 (Gustafsson et             al., 1982, 
1983, 1985; Holme et al., 1985). This work has played an                       
important role in distinguishing epidemic V. cholerae from other strains               
of Vibrio species and also the typing of different serovars of V.             
cholerae O1. 
 
So far there has only been few published reports on the application of              
McAbs in marine vibrios, e.g. V. anguillarum and V. salmonicida                          
(Espelid et al., 1988; Svendsen et al., 1988; Bogwald et al., 1990). 
 
1.8   Aims of research project 
 
Rapid identification of pathogenic strains may facilitate better                 
management of infection and understanding of disease etiology. To meet             
this potential demand, McAbs against a number of Vibrio species                  
including V. alginolyticus, V. anguillarum, V. carchiariae, V. cholerae,                
V. damsela, V. furnissii, V. harveyi, V. ordalii, V. parahaemolyticus                 
and V. vulnificus were developed and used to identify Vibrio pathogens             
by both direct and indirect ELISA and FITC-immunofluorescence. The 
diagnostic   procedure   might   be  finished  within  two  to  four  hours.   This 
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Table 1.4.   Application of McAbs in bacterial research. 
 
 
 
research aims to develop and apply McAbs for the rapid immunological 
identification of Vibrio species. Therefore, a given Vibrio strain will                    
be identified by using specific McAbs which recognize unique epitopes on    
the surface of different Vibrio bacteria. It would also be useful to              
diagnose and monitor infectious fish diseases caused by pathogenic              
marine Vibrio and also monitor bacterial levels in fish farms. A highly 
specific McAb against V. cholerae would facilitate the monitoring of the 
carrier state of tourists returning from endemic areas. 
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CHAPTER TWO 
 
MATERIALS AND GENERAL METHODS 
 
 
2.1 Sources of bacteria 
 
Table 2.1.  Bacterial sources and codes. 
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Table 2.1.  (cont…) 
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Table 2.1.  (cont…) 
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Table 2.1.  (cont…) 
 
 
 
2.2   Bacterial culture media 
 
Composition of all media is given as per litre of distilled water. 
 
Sea-water medium 
 
Sea-water medium was used to grow Vibrio and Photobacterium The medium 
contained 500mL of sea water, 50mL of 1M Tris buffer at pH 7.5, 0.025g 
ferric ammonium citrate, 0.075g K2HPO4.3H2O, 1g NH4C1, 5g yeast extract, 
5g tryptone, 3mL of glycerol and distilled water to l,000mL. When                  
adding the ingredients, the mixture was heated to about 70°C but not          
boiled. After all the ingredients had been dissolved it was sterilized                        
by autoclaving at 121°C for 15min. 
 
Sea-water agar (SWA) contained 1,000mL sea-water medium and 20g Oxoid 
Agar No.1. The agar was dissolved by boiling the mixture and it was               
then sterilized by autoclaving at 121°C for 15min. 
 
Tryptone soya medium 
 
Tryptone soya medium was usually employed to grow non-Vibrionaceae gram- 
negative bacteria in the present study. Tryptone soya broth (TSB)             
contained 17.0g pancreatic digest of casein, 3.0g papaic digest of                
soybean meal, 5.0g NaCl, 2.5g dibasic potassium phosphate and 2.5g       
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dextrose. The ingredients were mixed 11 and sterilized by autoclaving                 
at 121°C for 15min. 
 
Tryptone soya agar (TSA) contained 15g tryptone (Oxoid L42), 5g soya 
peptone (Oxoid L44), 5g NaC1 and 15g agar No.3 (Oxoid L13). The solids 
were dissolved by boiling and the mixture was then sterilized by           
autoclaving at 121°C for 15min. 
 
2.3   Cultivation and storage of bacteria 
 
Live bacterial culture and storage 
 
Bacteria were grown on an appropriate agar, i.e. SWA for Vibrio and 
Photobacterium and TSA for others, and were incubated at either 37°C and 
25°C, for 18h to 24h. A single colony was then inoculated into the  
appropriate broth and incubated at a suitable temperature for 24h, or          
longer, for sate strains. A volume of 5mL of sterilized glycerol was             
added to l0mL of culture and 3mL aliquots were aseptically distributed             
into sterile cryotubes. The tubes were wrapped in cotton wool and then 
transferred to -80°C. 
 
Killing and storage of bacteria for immuno-testing 
 
Each bacterial strain was grown in a suitable broth medium and               
centrifuged at 10,000 x g at 4°C for 20min (Beckman J2-2 1M/E, J-14              
rotor). The supernatant was discarded and the pellet was washed three            
times with 50mM phosphate buffered saline (PBS) at pH 7.3, each time 
centrifuging at 10,000 x g for 20min. The final pellet was dispensed in            
40mL of PBS and sodium azide was added to make a 1% (w/v) final 
concentration. The cells were incubated at 37°C for 18h. Samples were            
then streaked onto suitable agar media in order to ensure that the cells            
had been killed. Killed cultures were then stored at 4°C. 
 
Large scale culture for purification of lipopolysaccharide 
 
For purification of LPS, large amount of bacteria were required. After              
Vibrio strains had been streaked on SWA, single colonies were inoculated  
into small flasks of sea water medium and then incubated at either 37°C            
and 25°C for 6h with constant stirring. The bacterial suspensions were 
transferred into a large amounts of liquid sea water medium (15L per
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culture) and grown at either 37°C and 25°C, for 24h to 72h with constant 
stirring. The bacteria were then pelleted by centrifugation as                     
described earlier. 
 
2.4  Conventional identification tests for Vibrionaceae 
 
In this section, the media, reagents and methods used were those from        
Cowan and Steel’s Manual for the Identification of Medical Bacteria         
(Cowan, 1974) and The Oxoid Manual 5th. ed. (Anon, 1982). 
 
Gram stain 
 
Using this technique each bacterial isolate was determined to be gram- 
positive or gram-negative. All members of the family Vibrionaceae have         
been defined as being gram-negative (Murray, 1990). 
 
Test: A smear of the bacterial suspension was prepared on a slide.          
It was air-dried and fixed by heating. The cells were stained         
with crystal violet solution for 30sec and washed with gently 
running tap water. The Jensen’s iodine was applied for 30sec  and 
then washed with tap water. The cells were then decolourized by 
95% ethanol for l5sec and counterstained with diluted carbol 
fuchsin for l0sec. Following another wash, the cells were gently 
dried using blotting paper. The stained         bacteria were 
observed under a microscope using a l00x oil immersion 
objective lens. 
 
Result:  Gram-positive organisms stained purple  
 Gram-negative organisms stained red 
 
Oxidase activity 
 
A positive oxidase reaction indicated the presence of cytochrome c in               
the terminal respiratory chain. With the exception of V. metschnikovii,         
all vibrios are oxidase positive (Cowan, 1974; West et al., 1984). Most 
Enterobacteria, aerobic and facultative gram-negative bacteria with the 
exception of Pseudomonas, Aeromonas and Pasteurella are negative. 
 
Test: A platinum loop or glass rod was used to pick a colony from a             
freshly grown culture and then used to streak a filter paper 
 26
impregnated with a 1% aqueous solution of tetramethyl-ρ- 
phenylenediamine dihydrochloride. 
 
Result:  A strongly positive result was indicated by the development of             
a deep blue colour within l0sec and a negative result was taken           
as no colour change within 20sec. 
 
Resistance to 0/129 
 
Resistance to the vibriostatic agent 0/129 (2,4-diamino- 6,7-
diisopropylpteridine phosphate) assisted in differentiating Vibrio from             
other gram-negative rods, particularly Aeromonas, as Vibrio species are 
characteristically resistant to 0/129. The degree of sensitivity of                    
Vibrio species to 0/129 was also used as a diagnostic feature in           
differentiation of Vibrio species. Media with low levels of NaC1 were           
not used as they could produce poor growth of halophilic vibrios and              
false positive results with Enterobacteriaceae. 
 
Test: Nutrient agar (Oxoid CM3) or blood agar base No.2 (Oxoid CM271)  
containing 0.5% (w/v) NaC1 as prepared. The surface of agar             
p1ates were evenly spread with 0.lmL of culture and discs 
containing 10µg/mL 0/129 (DD14, Oxoid) and 150µg/mL 0/129           
(DD15, Oxoid) v placed centrally on the plate. Plates were            
then incubated at either 37°C and 25°C for 24h. 
 
Result:  A zone of inhibition indicated a positive result (see table                   
2.2). 
 
ONPG hydrolysis 
 
Hydrolysis of o-nitrophenol-β-D-galactopyranoside (ONPG) was used for 
distinguishing V. cholerae from some Vibrio species and some other 
organisms, e.g. Salmonella, Proteus and Pseudomonas aeruginosa, amongst 
others. V. cholerae, as well as V. anguillarum, V. fluvialis and V.            
vulnificus, were positive in the ONPG test, whereas others were negative             
or variable (West et al., 1984; Baumann et al., 1984; Lee et al., 1985).              
With late-lactose fermenting organisms, the ability to ferment lactose                 
was predicted by the demonstration of, β-galactosidase activity, in which               
β-galactosidase released o-nitrophenol from o-nitrophenol-β-D-galacto- 
pyranoside. This differentiated Vibrio from non-lactose fermenters. 
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Table 2.2.   Sensitivity of Vibrio species to 0/129 (West et al., 1984). 
 
 
 
Test:  For preparation of ONPG-broth, 6g ONPG was dissolved at RT in           
IL 0.01M Na2HPO4 at pH 7.5 and sterilized by filtration. ONPG 
broth contained 250mL of ONPG solution and 750mL of 1% (w/v) 
sterile peptone water. The ONPG solution was aseptically added    
to the peptone water and distributed in 2.5mL volumes. This 
medium was stable for a month when stored at 4°C. Tubes of 
ONPG broth were inoculated with Vibrio strains and then 
incubated at 37°C and 25°C for 24h. 
 
Result:  Appearance of a yellow colour due to o-nitophenol indicated β- 
galactosidase activity. 
 28
Indole production 
 
The test was used to examine the ability of bacteria to split indole                            
from the tryptophan molecule, using the enzyme tryptophanase. The                   
indole was detected by a reagent (ρ-dimethylaminobenzaldehyde) which 
involved a chemical reaction producing a distinct rose-pink colour. In           
general, all of Vibrio have been shown to be indole positive, whilst 
Pseudomonas, Salmonella and Shigella to be negative (Cowan, 1974). 
 
Test:  Tryptone water was prepared by dissolving l0g tryptone and 5g 
NaC1 per litre. The components of the medium were completely 
dissolved and then sterilized by autoclaving at 121°C for             
15min. The broths were inoculated with Vibrio strains and then 
incubated at 37°C and 25°C for 2 to 3 days. A few drops of               
Kovac’s reagent were added to each culture and then shaken very 
gently. Ehrlich’s reagent was also used in a parallel test.               In 
this case, ether or xylol was added to the culture which was shaken 
and then Ehrlich’s reagent was added drop by drop to the side of the 
tube. 
 
Result:  Indole production was indicated by the development of a             
solvent ring of pink or red colour. 
 
Kovac’s reagent contained 75mL of amyl alcohol, 5g ρ-dimethylaminoben- 
zaldehyde and 25mL of concentrated HC1. The ρ-dimethylaminobenzaldehyde 
was dissolved in the alcohol by gentle heat in a water bath at 50 -                             
55°C. After cooling, the acid was added. It was protected from light                     
and stored at 4°C. The reagent was considered satisfactory for use if                    
it was light yellow to light brown in colour. It was found that if a                            
dark colour was observed, samples of amyl alcohol were unsatisfactory. 
 
Ehrlich’s reagent contained 1g ρ-dimethylaminobenzaldehyde, 95mL of absolute 
ethanol and 20mL of concentrated HC1. The ρ-dimethylamino- benzaldehyde 
was dissolved in the ethanol and the acid was added. It                        was 
protected from light and stored at 4°C. 
 
Gelatinase activity 
 
This was used to examine the ability of an organism to produce                    
proteolytic enzymes able to decompose gelatin, i.e. hydrolysis of                       
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gelatin, so that it loses its gelling properties. Nearly all Vibrio                   
species have been shown to hydrolyze gelatin and are therefore gelatin             
positive, but E. coli, Shigella, Salmonella, Klebsiellaa amongst                          
others, are negative (Cowan, 1974). 
 
Test:  Gelatin agar contained 4g gelatin, 1g nutrient agar and 50mL of 
distilled water. The gelatin was soaked in water and when 
thoroughly softened was added to the melted nutrient agar. The 
medium was mixed, and sterilized at 115°C for 10min. A            
nutrient gelatin plate was streaked with the culture and then 
incubated at 37°C and 25°C for up to 14 days. 
 
Result:  A positive reaction was detected by cooling the cultured tube              
in a refrigerator for 2h and then examining the gelatin for 
liquefaction. 
 
Lipase activity 
 
Bacterial lipase against Tween 80 was indicated by crystal formation. 
 
Test:  Tween 80 medium contained l0g peptone, 5g NaC1, 0.1g, CaCl2,2H2O  
and 20g agar per litre (Cowan, 1974). The ingredients were 
dissolved and then adjusted to pH 7.4. Volumes of 500mL were 
sterilized in flasks and then cooled to 40-50°C. Tween 80 was 
sterilized at 121°C and 5mL was added to each flask to give a             
1% (v/v) final concentration. The Tween 80 agar was then 
distributed into plates. Plates v streak-inoculated with                    
Vibrio strains, incubated at 37°C and 25°C , and then examined 
daily up to 7 days for lipolytic activity. 
 
Result:  Lipolytic activity was observed as a zone of dense opacity             
around the growth. 
 
Lecithinase activity test 
 
Lecitho-vitellin (LV) is the lipoprotein car of egg-yolk and was                         
produced as a translucent yellow liquid by mixing egg-yolk with saline.                 
This liquid became opalescent when mixed with lecithinases. In                     
addition, flocculation and separation of a thick curd of fat usually                 
occurred. 
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Test:  Egg yolk agar was prepared by mixing 900mL of pre-cooled to 
45°C sterile nutrient agar with l00mL of aseptic egg yolk             
emulsion and then poured into plates. In order to prepare egg            
yolk emulsion, the yolk of one hen’s egg was mixed with 20mL of 
sterile normal saline solution. The sterility was always                    
tested. The medium was inoculated with Vibrio strains and then 
incubated at 37°C and 25°C for up to 7 days. They were             
examined daily. 
 
Result:  If lecithinase was produced a dense opaque zone was observed 
around individual colonies. 
 
Citrate utilization 
 
This test demonstrated the ability of the organism to utilize citrate as                  
a sole source of carbon and also for metabolism in a medium containing               
NH4H2PO4 as the only nitrogen source. Some 60%-70% of Vibrio species 
utilize citrate whereas E. coli, Shigella, and most Salmonella do not                 
(Cowan, 1974; Bryant, et al., 1986a). 
 
Test: Simmons’ citrate medium contained 5g , 0.2g MgSO4.7H2O, 1g 
NH4H2PO4 and 1g K2HPO4 per litre . The salts re dissolved in 
water and then 2g citric acid was added to the solution and the            
pH adjusted to 6.8 with NaOH. It was filtered through a                    
sintered-glass funnel. The medium was usually colourless. The 
medium was modified by addition of 40mL of 0.2% (w/v) 
bromothymol blue and 20g agar per litre. The agar was                       
dissolved by boiling and distributed into tubes. It was              
autoclaved at 115°C for 20min. The tubes were slanted 
immediately. Slant media re inoculated with Vibrio strains                
and incubated at 37°C and 25°C for up to 7 days. 
 
Result:  A positive result was detected by production of a blue colour.             
No colour change indicated a negative result. 
 
Growth on medium 
 
Thiosulphate citrate bile sucrose (TCBS) agar (Oxoid CM333) is a major 
selective medium for Vibrio species. It was used to test the ability of                        
an organism to grow in the presence of ox bile salt, a basic                                      
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environment, and also test whether the organism was able to ferment              
sucrose. Colonies appear on TCBS agar after 24h incubation at 37°C and           
25°C with the following results (The Oxoid Manual, 1982): 
V. cholerae yellow colonies, 2-3mm in diameter. 
V. parahaemolyticus blue or green colonies, 3-5mm in diameter. 
V. alginolyticus yellow colonies, 3-5mm in diameter. 
E. coli, Salmonella, Shigella, Klebsiella, Pseudomonas aeruginosa  
slight growth with minute colonies, no yellow colour in medium. 
Streptococcus faecalis slight growth with minute colonies. 
 
Test:  The TCBS plates were streaked with Vibrio strains and then 
incubated at 37°C and 25°C for 24 to 72h. 
 
Result:  Organisms which hydrolyzed sucrose appeared as yellow colonies 
while the others that did not hydrolyze sucrose appeared as             
green colonies. 
 
Production of haemolysins 
 
This test established whether or not the organism produced a hemolysin.                  
It was observed as a complete β-haemolysis or an incomplete α-haemolysis 
producing a green iron-containing substance resulting from the reduction                    
of haemoglobin. 
 
Test:  The medium used was Columbia agar (Oxoid CM331) with 5 % sheep 
blood (CSL). The bacteria were streaked onto the plate and          
then incubated at 37°C and 25°C for 24 to 72h. 
 
Result:  Completely cleared zones around a colony indicated β-haemolysis 
while a greenish discolouration around a colony indicated α-
haemolysis  
 
Growth at different temperatures 
 
The ability of isolates to grow at 4°C, 35°C and 40°C was determined by           
visible turbidity in a culture broth. 
 
Test:  Yeast extract broth (YEB) contained 17.55g NaCl, 0.75g, KC1,           
12.35g MgSO4.7H2O, 1.45g CaC12.2H2O, 20mM Tris (hydroxymethyl) 
animomethane HC1, 1.0g NH4C1, 0.0375g K2HPO4.3H2O, 0.05g ferric    
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ammonium citrate and 5g Oxoid yeast extract per litre. All the 
ingredients were dissolved and the solution adjusted to pH 7.5. 
This was dispensed into 15mL test-tubes containing 5mL YEB and 
sterilised by autoclaving at 121°C for 15min. Before              
inoculation of bacteria, the YEB media was equilibrated to the 
appropriate temperature, inoculated with Vibrio strains and           
then incubated at the required temperature on a shaking water          
bath. Cultures were observed on day 2 and 4. The test-tubes           
which showed no visible turbidity at 4°C were kept for 14 days 
when final observations were made. 
 
Result:  Visible turbidity indicated bacterial growth. 
 
Decarboxylase test 
 
This test demonstrated the decarboxylation of lysine, arginine and               
ornithine to the corresponding amine. Decarboxylation enzymes require 
pyridoxal phosphate for their action and are produced under anaerobic 
conditions at a low pH of 6.0 (Cowen, 1974). 
 
Test: Decarboxylase medium (DIFCO 0890-02) was used in this test. 
According to Moller’s method, a single colony from a young 
culture was inoculated into the medium using a straight wire.            
The medium was overlaid with a 4mm thick layer of sterile 
paraffin oil and incubated at 37°C and 25°C, and then examined 
daily for up to four days. Controls were performed by           
inoculating Vibrio strains into a bottle of basal medium              
without the addition of amino acid to demonstrate initial acid 
production. 
 
Result:  The medium became yellow with acid production due to glucose 
fermentation; later, if decarboxylation occurred, the medium 
turned violet due to alkalinization of the medium. The control 
medium remained yellow. 
 
Nitrate reduction 
 
Nitrate reduction was shown by detecting the presence of a breakdown                      
product or by showing the disappearance of nitrate from the medium.                   
The products of reduction included nitrite, ammonia or gaseous nitrogen. 
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The test was also based on detecting the presence of nitrite after                       
growth in nitrate-containing media. 
 
Test: Nitrate broth was made by adding 1g KNO3 to 1L tryptone soya 
broth. The KNO3 was dissolved in the broth, distributed into          
tubes containing inverted Durham’s tubes and then sterilized at 
115°C for 20min. Nitrite reagent A contained 0.8g sulphanilic  
acid dissolved in l00mL 5N acetic acid by gentle heating.              
Nitrite reagent B contained 0.6g dimethyl-alpha-naphthylamine 
dissolved in 5N acetic acid or 0.5g α-naphthylamine dissolved             
in l00mL 5N acetic acid. The mixture was dissolved by gentle 
heating. As α-naphthylamine was carcinogenic it was handled    
with extreme care. Nitrate broth was inoculated with a Vibrio 
strain and incubated at 37°C and 25°C for up to 5 days. Gas 
formation in the Durham’s tube was monitored daily. To test 
reduction, 1mL of nitrite reagent A was added to the tube,                 
followed by 1mL of reagent B (Cowan, 1974). 
 
Result:  A red colour showed the presence of nitrite and indicated that 
nitrate was reduced. To tubes which did not show a red colour 
within 5min, powdered zinc, up to 5mg/mL of each culture, was 
added. Red colour indicated that nitrate was present in the            
medium (i.e. not reduced by the organism). Absence of a red 
colour indicated nitrate was absent in the medium (i.e. reduced            
by the organism to nitrite, which in turn was reduced). Gas 
collection in the Durham’s tube indicated reduction of nitrate              
to gaseous nitrogen. 
 
Methyl red test 
 
This test demonstrated the ability of an organism to produce and                         
maintain stable acid end products from glucose fermentation. The test                   
was based on the use of a pH indicator to determine the pH present when                
an organism fermented glucose. 
 
Test:  Glucose-phosphate medium contained 5g peptone, 5g K2HPO4,  5g 
NaCl and 5g glucose per litre. The solids were dissolved,                
filtered if necessary and dispensed in 3.5mL volumes. They             
were sterilized by autoclaving at 115°C for 10min. The medium 
was inoculated with Vibrio strains and incubated at 37°C and   
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25°C for up to 4 days. One drop of methyl red was added to a 
loopful of culture. 
 
Result:  A red colour was a positive result and a yellow colour was 
negative. 
 
Voges-Proskauer test 
 
It was used to determine the ability of some organisms to produce                      
neutral end products of acetyl-methyl-carbinol or 2,3 butanediol from              
glucose fermentation. In the presence of atmospheric oxygen and alkali                  
the neutral end products were oxidized to diacteyl which combined with 
creatine to produce a pink colour. 
 
Test:  Glucose-phosphate medium plus 0.5% NaCl was used according to 
Barritt’s method in this test. Vibrio strains were inoculated               
into the medium and incubated at 37°C and 25°C for 2 to 4 days. 
After completion of the methyl red test, 0.6mL 5% α-naphthol 
solution and 0.2mL 40% KOH aqueous solution were added into 
the tube. The tube was shaken, sloped (to increase the size of the 
air/liquid interface), and examined after 15min and lh. 
 
Result:  A positive reaction was indicated by a pink colour whereas a 
negative reaction was indicated by no colour change. 
 
Fermentation of carbohydrates 
 
This test determined the ability of an organism to ferment a specific 
carbohydrate incorporated in a basal medium, producing acid and visible                
gas. Acid production was observed by incorporating into the medium an 
appropriate pH indicator. An inverted Durham’s tube in the medium was                
used to indicate gas production. 
 
Test:  The medium contained 2g peptone, 5g NaCl, 0.3 K2HPO4 and 
l5mL of 0.2% (w/v) bromothymol blue per litre. The solids were 
dissolved by heating in water, adjusted to pH 7.1, filtered,                 
and indicator was added. They were sterilised by autoclaving              
at 115°C for 20mm. A filter sterilised solution of the                
appropriate carbohydrate was aseptically added to make a 1% 
(w/v) final concentration. The medium was mixed and            
 35
distributed aseptically as l0mL aliquots into sterile tubes.             
Vibrio strains were inoculated and incubated at 37°C and 25°C, 
and examined daily for up to 7 days. Negative tests were  
examined at regular intervals up to 30 days. 
 
Result :  If acid was produced the indicator changed colour to yellow.            
If gas was also produced some was collected in the Durham’s  tube. 
 If there was no change the tube was checked if growth had 
occurred by comparing with an uninoculated tube of the same 
medium. 
 
Hydrolysis of starch 
 
Hydrolysis of starch was performed according to Cowan’s methods (1974). 
 
2.5    Production of McAbs 
 
2.5.1  McAb methods 
 
The hybridization protocol of De St. Groth and Scheidegger (1980) and 
Gustafsson et al., (1982) was followed with a few modifications. Balb/c                  
mice were immunized with Vibrio bacteria as described in section 2.5.5.              
The spleens of immunized mice were removed under sterile conditions,               
placed in RPMI 1640 medium (Flow) containing l00iu of penicillin and               
l00µg streptomycin/mL, cut into pieces and then sieved through a sterile             
metal net to obtain a fine suspension. The cells were washed in RPMI                      
1640 medium and counted in a cell counting chamber (Neubauer). The non 
immunoglobulin secreting murine HGPRT-deficient myeloma cell-line Sp2/O 
was washed in the same medium. To 1 x l08 spleen cells, 0.5 x l08 Sp2/O             
cells were added. The cell mixture was centrifuged at 150 x g for 10min                 
and the supernatant was discarded. A 1mL volume of polyethylene glycol            
(PEG 4000 Merck 9727) was routinely prepared on the day of the fusion to  
limit the formation of toxic peroxides. It was prepared by dissolving                           
1.5g PEG 4000 in 3mL of RPMI 1640 medium by heating in a microwave for 
1min and sterilized by passing through a 0.45µm filter. It was added                        
dropwise to the cell mixture with gentle shaking during 1min. After a               
further 1min incubation, 1 volume of medium was added for 1min, followed           
by another 1 volume of medium for 1min. Finally, 8 volumes of medium            
were added and the cells were centrifuged at 100 x g for 10min. The  
supernatant was removed and the cells were diluted to l0mL with RPMI -             
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1640, HAT with 10% (v/v) fetal calf serum (FCS). The cells were gently 
resuspended, added in l00µL aliquots to microtitre plate wells and               
incubated in a tissue culture incubator at 37°C with 80% humidity and 5%              
CO2. The compositions of the tissue culture media used are given in               
section 2.5.4. 
 
2.5.2  Use of feeder cells 
  
Three-weeks old Swiss mice were killed by cervical dislocation and               
placed on a cutting plate. A 5mL syringe was used to slowly inject i.p.                
5mL of 0.34M sucrose just below the sternum. The needle was then                  
pressed down above the liver and fluid withdrawn making sure it did not  
contain erythrocytes. The cells were counted using a haemocytometer              
before the intraperitoneal macrophages were centrifuged at 200 x g for                 
10min. The sucrose was poured off and the cell pellet resuspended to a                
cell density of 1 x l05/mL using tissue culture medium. Aliquots of                        
50µL were added to the wells of 96-well plates, each containing l50µL of           
tissue culture medium. In dispensing macrophages into 24-well plates, a 
macrophage suspension of cell density 5 x 105/mL was initially prepared              
and l50µL aliquots then added to each well. 
 
2.5.3  Hybridoma culture facilities 
 
A high quality tissue culture room with Australian standard Class II             
cabinets was used for the duration of research. Prior to and after use,                       
the culture hood was routinely wiped down with 70% ethanol and left to         
dry. UV lights in the tissue culture room and the culture hood were                
switched on during times when the room was not in use. Incubators                 
containing 5% CO2 and constant 37°C were cleaned weekly. Plastic plates          
and pipettes were stored in the tissue culture room to minimize             
contamination. Plastic bags and used pipettes were emptied every day. 
 
2.5.4  Preparation of tissue culture media 
 
Three different types of media were tested for growing hybridoma cells,               
viz. RPMI-1640, DMEM (Dulbecco’s modified eagle medium with high 
glucose) and HGEM (further modification of DMEM with fructose replacing 
glucose). The growth yields of hybridoma cells in RPMI-1640 were equal                
to or slightly better than in DNEM and HGEM. However, the antibody               
yields in RPMI-1640 were clearly higher than in DNEM and HGEM (Adamson 
 37
et al., 1987). In the course of the research, PPMI-1640 was constantly                   
used for tissue culture. 
 
Complete medium (made from 5x RPMI-1640) 
 
Complete medium contained 90mL RPMI-1640 (5x), 50mL FCS, 13.5mL NaHCO3          
(7.5%), 5mL penicillin and streptomycin (5,000iu/mL & 5,000mcg/mL), 5mL 
Na-pyruvate (100mM), 5mL L-glutamine (200mM) and 331.5mL double 
distilled water (DDW). All the media and supplements were purchased               
from Flow Laboratories except where it was specified. 
 
Complete medium (made from lx RPMI-1640) 
 
Complete medium contained 500mL RPMI-1640 (lx), 59mL FCS, l6mL NaHCO3 
(7.5%), 6mL penicillin and streptomycin (5,000iu/mL & 5,000mcg/mL), 6mL 
Na-pyruvate (100mM), 6.0mL L-glutamine (200mM). 
 
Fusion saline (without serum medium) 
 
Fusion saline contained l00ml RPMI-1640 (5x), 13.5mL NaHCO3 (7.5%), 5mL 
penicillin and streptomycin (5,000iu/mL & 5,000mcg/mL), 5.0mL Na-  
pyruvate (100mM), 5.0mL L-glutamine (200mM) and 371.5mL DDW. 
 
Fusion HAT media (made from 5x RPMI-1640) 
 
Fusion HAT medium contained 90ml RPMI-1640 (5x), 100mL, 13.5mL 
NaHCO3 (7.5%), 5mL penicillin and streptomycin (5,000iu/mL & 5,000         
cmg/mL), 5.0mL Na-pyruvate (100mM), 5.0mL L-glutamine (200mM) and 
10mL HAT (50x) and 331.5mL DDW. 
 
Fusion HAT media (made from lx RPMI-1640) 
 
HAT medium contained 421.5mL of RPMI-1640 (lx), l00mL FCS, 13.5mL 
NaHCO3 (7.5%), 5mL penicillin and streptomycin (5,000iu/mL & 5,000cmg/mL),          
5.0mL Na-pyruvate (100mM), 5.0mL L-glutamine (200mM) and l0mL HAT (50x). 
 
Complete HAT media (made from RPMI-1640 with serum) 
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Complete HAT media contained 90ml RPMI-1640 (5x), 50mL FCS, 13.5mL 
NaHCO3 (7.5%), 5mL penicillin and streptomycin (5,000iu/mL &                            
5,000cmg/mL), 5.0mL Na-pyruvate (100mM), 5.0mL L-glutamine (200mM), 
10mL HAT (50x) and 331.5mL DDW. 
 
Complete HAT media (made from lx RPMI-1640 with serum) 
 
Complete HAT media contained 500mL RPMI-1640 (lx), 59mL FCS, l6mL NaHCO3 
(7.5%), 6mL penicillin and streptomycin (5,000iu/mL & 5,000cmg/mL),                      
6.0mL Na-pyruvate (100mM), 6.0mL L-glutamine ( 200mM) and l2mL HAT (50x). 
 
Monomed serum free media 
 
Monomed is a serum free medium, which has been shown to support the  
growth of hybridoma and lymphoid cells . It has been found to be an             
excellent growth and maintenance medium for a wide range of cells types. 
 
Monomed was supplied in two components (Commonwealth Serum Laboratories, 
CA 2270): 
(i) Component A was supplied as a 25x concentrate in a 25mL volume. It             
was stored frozen and at this temperature was stable for 12 months from                   
date of manufacture. 
(ii) Component B was supplied as a single strength medium in 500mL           
volume. It was stored at 2 to 8°C, but never frozen. Under this                       
condition it was stable for 12 months from date of manufacture.  
The two components were aseptically combined, prior to use, to form the              
complete medium. The complete Monomed was stored at 2 to 8°C, but never 
frozen. It had an effective life of 1 month when stored under these              
conditions. 
If the expiry date had been exceeded, the complete Monomed was still                   
used but only after the addition of: 
(i)   100mM sodium pyruvate solution (CSL, Cat. No. 051019010) 5mL per 
500mL complete Monomed, and 
(ii)  200mM glutamine solution (CSL, Cat. No. 09871701) 5mL per 500mL 
complete Monomed. 
 
2.5.5  Immunization 
 
The immunization protocol of Carlin and Lindberg (1983) was employed. 
Initially, 108 sodium azide-killed (see section 2.3) and washed Vibrio                
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bacteria were suspended (1:1) in Freund’s complete adjuvant and were               
injected i.p. into 4-week old female Balb/c mice once a week for three                  
weeks. On day 21, viz. 4 days before the hybridization, the mice were                    
given a booster injection of 108 Vibrio bacteria resuspended in PBS                
without adjuvant. 
 
2.5.6  Titration of immune serum 
 
Mice were bled from the retro-orbital sinus to check their immune                   
status. Ten-fold serial dilutions of the serum was prepared, i.e. 1:10                          
to 1:10,000, and l00µL of each dilution was added to 96-well plates              
precoated with the homologous Vibrio strain. After incubation for lh at                      
RT and three washes with washing solution, l00µL of 1:1,000 AP-conjugate 
was added. This was followed by another lh incubation at RT and further 
washing. The colour was finally developed by AP-substrate and recorded                 
by an ELISA reader. It was considered appropriate to perform a fusion                       
if the titre of immune serum was 1:1,000 (Carlin et al., 1983, 1985). 
 
2.5.7  Cloning protocols 
 
First clonings of hybridomas were carried out at a cell density of 20                 
cells/mL in HT medium. A total of 7.5mL of this cell suspension was               
added as single drops using a 10mL pipette, into wells of a 96-well                         
plate. As a result about 150 cells were distributed amongst 96 wells                            
but not every cell remained viable. This cell density resulted in about                          
0.9-1.1 live cells/ well. Six days after cloning 50% of the HT media was 
replaced and the plates were screened against the homologous Vibrio               
species used for fusion on day 8-9 after cloning Positive wells were                       
ranked in order of decreasing absorbance and subsequently the first                
cloning plates were examined visually for the presence of only one clone                   
per well. Up to 6 single clone ELISA positive wells were transferred to 
individual wells of a 24-well plate containing HT medium and                
macrophages. After 2 to 3 days each clone was rescreened in a                
heterologous ELISA to monitor the level of antibody production and             
determine whether each subclone derived from the original hybridoma 
displayed cross-reactivity. Based on these results subclones of the                   
original hybridoma were selected for a second round of cloning. 
 
Second clonings used a modified procedure of the first clonings. The                     
initial cell density of hybridoma cells was reduced to 10 cells/mL                     
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resulting in about 0.45-0.55 ce11s/well. Second clonings were performed                 
in Complete rather than HT medium. 
 
2.5.8  Storage and revival of hybridomas 
 
Long term storage of useful clones was achieved by employing a freezing 
solution containing 10% (v/v) dimethyl sulphoxide (DMSO) in complete            
media. When the cells were 80% confluent in 25cm2 flasks, with as                 
little debris as possible, the cells were frozen down. The side of a                       
25cm2 flask was vigorously tapped until most of the adherent cells had                
been released from the plastic. This was also facilitated by swirling                       
the media in the flask in a circular notion. Using a l0mL pipette, 10-                         
11mL of media was removed and transferred into a sterile 10mL centrifuge 
tube. The cells were then pelleted by centrifugation at 500 x g for                   
10min and the supernatant was collected for diagnostic use. The                      
pelleted cells were resuspended in lmL of pre-cooled freezing down                
solution (≤4°C) by flicking. The cells were subsequently transferred               
into pre-cooled ampoules with appropriate labels. The ampoules were                
transferred to a sealed polystyrene box within a -80°C freezer in order                  
to freeze down the cells as slowly as possible, thus preventing the                  
formation of ice crystals. Finally, the ampoules were transferred to                   
canes in liquid nitrogen for long term storage (Goding, 1983). 
 
As necessary, a frozen hybridoma was revived by taking the required             
ampoule out of a cane and soaking it in ethanol for 30sec to sterilise                     
the outside of the ampoule.  The thread was loosened a 1/3 of a turn to              
relieve any pressure build up. The ampoule was rapidly thawed in a 37°C 
waterbath and wiped with ethanol after removal from the waterbath. The         
lid was taken off in the biohazard hood and the contents were                     
transferred into a l0mL centrifuge tube using a sterilised pasteur                        
pipette. The centrifuge tube was filled up drop by drop with complete                  
media in order to dilute out the DMSO present in the freezing solution.                  
The cells v centrifuged 150 x g for 10min to pellet the cells. The                 
DMSO was removed by pouring off the supernatant and resuspending the 
pelleted cells in complete media. Finally the cells were transferred to                 
a flask and grown up overnight in a tissue culture incubator at 37°C. 
 
2.5.9 Production of McAbs in vitro 
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Each hybridoma supernatant was collected from cell flasks after 48h                    
culture and before freezing down. For long term storage of hybridoma 
supernatant, sodium azide was added to a 0.02% (w/v) final concentration             
and then the supernatants were stored at 4°C. The major advantages of             
cell culture over ascites production of McAbs have been shown to be                
higher reproducibility, absence of extraneous antibody, low risk of 
contamination of antibody by adventitious agents of rodents and low cost             
for production of large quantities of antibody (Adomson et al., 1987). 
 
2.5.10  Production of McAbs in vivo 
 
Six to eight week old male Balb/c mice were injected i.p. with 0.5mL of 
pristane (2,6,10,14-tetramethylpentadecane, Sigma T-7640) according to              
the method of Hoogenraad et al., (1986). The mice were then rested for 7             
days before being injected i.p. with about 107 hybridoma cells.                    
Production of ascites was monitored daily from about 4 days after the             
injection of the hybridoma cells. Ascites fluid was collected once                    
daily by inserting an 18 gauge needle into the peritoneum of the              
distended abdomen and allowing the fluid to exude out. The crude                    
ascites was centrifuged at 1,000 x g for 10min and stored in the                    
presence of sodium azide at 4°C. 
 
2.6   Screening assays of McAb 
 
2.6.1  Selection of positive hybridomas 
 
Selection of positive hybridomas was based on the appearance of a single           
clone with a strong reaction in a homologous ELISA plate (section                      
2.6.2). Further selection was dependent on its cross reactivity to a                       
wide range of bacteria (sections 2.6.3 and 2.6.4). 
 
2.6.2  Determination of McAb specificity 
 
A McAb may have high specificity to a particular species, whereas                
another may show cross reactivity because of common antigenic              
determinants within and outside a genus. A specific McAb was obtained              
after extensive screening against a wide range of bacteria (section                    
2.6.3). 
 
2.6.3 Screening by ELISA 
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The ELISA buffers and reagents used are listed below.  
 
Phosphate buffered saline (PBS pH 7.4) 
 
PBS contained 8.2g NaC1, 2.14g Na2HPO4, 0.78g NaH2PO4.2H2O and was 
made up to 1,000mL with distilled water. 
 
Coating buffer (0.05M Na2CO3 pH 9.6) 
 
It contained 1.18g Na2CO3, 3.47g NaHCO3 and 200mg sodium azide made up 
to 1,000mL in distilled water. The solution was stored at 4°C. 
 
Incubation buffer (PBS pH 7.4 and 0.05% Tween-20) 
 
It consisted of 8.0g NaC1, 1.425g Na2HPO4.2H2O, 0.2g KH2PO4,                 
200mg sodium azide, 0.5mL Tween 20 and was made up to 1,000mL with 
distilled water. The buffer was then stored at RT. 
 
Washing buffer (0.9% NaC1 and 0.05% Tween-20) 
 
It was made by dissolving 45g NaC1 in 5L distilled water and then adding               
2.5mL Tween-20. The solution was kept at RT. 
 
Substrate solution (1M diethanolamine pH 9.8 and 0.005M MgC12) 
 
97mL of diethanolamine was diluted to 850mL with distilled water, the pH 
adjusted to 9.8 with approximately l50mL 1M HC1. Finally, 101mg of                
MgC12.6H20 and 200mg sodium azide were added to the solution. The          
solution was kept in a dark bottle at RT. 
 
Alkaline phosphatase substrate solution was prepared by dissolving one 
phosphatase substrate tablet of ρ-nitrophenyl-phosphate (Sigma) in 5mL                 
of substrate solution prior to use. 
 
Homologous ELISA 
 
Homologous ELISA was used for the initial screening of hybridoma 
supernatants. ELISA plates were coated in the cold room overnight, with               
the homologous bacterium, viz. l00µL per well of washed bacterial cells 
suspended in coating buffer (A620 nm = 0.2). They were blocked by the             
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addition of l00µL per well of 1% (w/v) BSA at RT for 4h. Immediately               
prior to use, the plates were washed 3 times with washing solution.            
Hybridoma supernatants were then added l00µL per well to the ELISA              
plates and incubated at RT for 3-5h. This was followed by 3 washes with 
washing solution and the addition of l00µL per well of AP-conjugate                    
(Sigma A-0162) diluted 1:1,000 in incubation buffer. After the plates                
had been incubated at RT overnight, unreacted enzyme-conjugate was          
removed from the wells by washing 3 times with washing solution.             
Finally, l00µL per well of substrate solution containing ρ-nitrophenyl- 
phosphate was added and the plates were incubated at 37°C for 100min.             
The optical density was then read at A405 nm on a Flow MCC 340 mark 2 
ELISA plate reader. 
 
Heterologous ELISA 
 
Heterologous ELISA was used for determining McAb cross-reactivities. It            
was performed using a wide range of vibrios and grain-negative bacteria           
coated onto different columns of 96-well plates. Each McAb was cross- 
screened with all strains so that its specificity and cross-reactivity                    
should be determined. Except for the coating bacteria, other steps were                    
as the same as for homologous ELISAs. The standard configuration of the 
heterologous ELISA 96-well plates was as follows: 
 
 
No. of column Bacteria strains   Code 
        PLATE ONE 
 Column  1 Vibrio cholerae Inaba 569B  VCH 
 Column  2 Vibrio cholerae non-Ol V3  VCH 
 Column  3 Vibrio cholerae Brazil 1198-78  VCH 
 Column  4 Vibrio cholerae el tor Ogawa 3083 VCH 
 Column  5 Vibrio damsela ATCC 33537  VDA 
 Column  6 Vibrio furnissii ATCC 35016  VFU 
 Column  7 Vibrio parahaemolyticus WPI  VPA 
 Column  8 Vibrio parahaemolyticus FC1O11 VPA 
 Column  9 Vibrio parahaemolyticus 3D38  VPA 
 Column  10 Vibrio vulnificus Sweden  VVU 
 Column  11 Vibrio harveyi ACMM 130  VHA 
 Column  12 BSA 
 
        PLATE TWO 
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 Column  1 Vibrio fisherii ACMM 136  VFI 
 Column  2 Vibrio hollisae ATCC 33565  VHO 
 Column  3 Vibrio fluvialis NCTC 11327  VFL 
 Column  4 Vibrio carchariae ATCC 35087  VCA 
 Column  5 Vibrio alginolyticus ACMM 101  VAL 
 Column  6 Vibrio splendidus Bio 1 ACMM 140 VSP 
 Column  7 Vibrio anguillarum AFHRL 1  VAN 
 Column  8 Vibrio ordalii ATCC 33509  VOR 
 Column  9 Vibrio cholerae Inaba 569B LPS   
 Column  10 BSA   
 Column  11 Vibrio vulnificus Sweden  VVU 
 Column  12 Vibrio vulnificus ACMM 106  VVU 
 
       PLATE THREE 
 Column  1 Vibrio anguillarum AFHRL 43  VAN 
 Column  2 Vibrio anguillarum AFHRL 44  VAN 
 Column  3 Vibrio anguillarum AFHRL 45  VAN 
 Column  4 Vibrio anguillarum AFHRL 46  VAN 
 Column  5 Vibrio anguillarum AFHRL 47  VAN 
 Column  6 Aeromonas sobria  86:2208-18  ASO 
 Column  7 Aeromonas hydrophilia 85:584-1A VAN 
 Column  8 Aeromonas sobria  86:2240-A  ASO 
 Column  9 Aeromonas hydrophilia 85:8438  AHY 
 Column  10 Aeromonas salmonicida  1107-1B ASA   
 Column  11 Aeromonas salmonicida  85:9370-A ASA  
 Column  12 Aeromonas salmonicida  86:674-3339 ASA  
 
       PLATE FOUR 
 Column  1 Vibrio anguillarum AFHRL 43  VAN 
 Column  2 Vibrio anguillarum AFHRL 44  VAN 
 Column  3 Vibrio anguillarum AFHRL 45  VAN 
 Column  4 Vibrio anguillarum AFHRL 46  VAN 
 Column  5 Vibrio anguillarum AFHRL 47  VAN 
 Column  6 Aeromonas sobria  86:2208-18  ASO 
 Column  7 Aeromonas hydrophilia 85:584-1A VAN 
 Column  8 Aeromonas sobria  86:2240-A  ASO 
 Column  9 Aeromonas hydrophilia 85:8438  AHY 
 Column  10 Aeromonas salmonicida  1107-1B ASA   
 Column  11 Aeromonas salmonicida  85:9370-A ASA  
 Column  12 Aeromonas salmonicida  86:674-3339 ASA  
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   PLATE FIVE 
 Column  1 Proteus 89/3553  PRO 
 Column  2 Klebsiella pneumonia 774  KPN 
 Column  3 Escherichia coli (lactose +) 907  ECO 
 Column  4 Aeromonas hydrophilia 166  AHY 
 Column  5 Aeromonas sobria  2397  ASO 
 Column  6 Aeromonas caviae  2782  ACA 
 Column  7 Vibrio mediterranei TAS A  VME 
 Column  8 Vibrio harveyi TAS B  VHA
 Column  9 Vibrio neresis TAS C  VNE   
 Column  10 Vibrio alginolyticus TAS D  VAL 
 Column  11 Vibrio damsela TAS E  VDA 
 Column  12 Vibrio anguillarum TAS F  VAN 
 
       PLATE SIX 
 Column  1 Vibrio anguillarum 2744  VAN 
 Column  2 Vibrio anguillarum 3248  VAN 
 Column  3 Vibrio anguillarum 3250  VAN 
 Column  4 Vibrio anguillarum 3251  VAN 
 Column  5 Vibrio anguillarum 3260  VAN 
 Column  6 Vibrio vulnificus 2740  VVU 
 Column  7 Vibrio vulnificus 2741  VVU
 Column  8 Vibrio vulnificus 2743  VVU
 Column  9 Vibrio vulnificus 2745  VVU 
 Column  10 Vibrio vulnificus 2922  VVU   
 Column  11 Vibrio vulnificus 3060  VVU  
 Column  12 BSA 
 
       PLATE SEVEN 
 Column  1 Vibrio splendidua TAS G  VSP 
 Column  2 Vibrio anguillarum 2628  VAN 
 Column  3 Photobacterium phosphoreum ACMM 50 PPH 
 Column  4 Photobacterium leiognathi ACMM 51 PLE 
 Column  5 Photobacterium angustum ACMM 63 PAN 
 Column  6 Vibrio anguillarum 2843  VAN 
 Column  7 Vibrio anguillarum 3247  VAN
 Column  8 Vibrio vulnificus 3061  VVU 
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Both homologous and heterologous ELISA results were detected and            
recorded under a computer program developed for reading ELISA plates.              
An automatic sequence was used to store as DC-END-P. The following 
computer program was a in conjunction with a Titresoft system to                  
read the ELISA plates on the Flow MCC 340 mark 2 ELISA plate reader. 
 
 
END-POINT-TITRES 
 
REPEAT [1; ] 
USING [FORMATS] 
SELECT TEST [ALK-PHOS SCAN] 
USING [READ PLATE] 
PAUSE [INSERT PLATE-PRESS ANY KEY] 
SELECT READER [1] 
READ PLATE [] 
PRINT [] 
ZERO PLATE [H12] 
PRINT [] 
USING [PLATE STORAGE] 
SAVE PLATE [DC;LOOP] 
NEXT [] 
 
2.6.4   Screening by FITC-Immunofluorescence 
 
Vibrio strains were streaked out onto the appropriate culture media and           
grown up at either 37°C or 25°C for 24h. For each test, a single pure                
colony was transferred into 200µL of PBS at pH 7.4, mixed to make an  
uniform suspension and then 100µL smeared onto a clean slide. The slide              
was air-dried and then heat fixed. Slides were then stored at 4°C until            
required. Positive and negative FITC controls were routinely included                         
in every test. Aliquots of 100µL hybridoma supernatant or 1:100 diluted           
ascites was next added to the bacteria adhered to the slide. They were                
then placed in a damp box and incubated at 37°C for 45min. The slides              
were washed three times with PBS at pH 7.3 prior to the addition of a                   
drop of 1:40 FITC-sheep anti-mouse conjugate (Silenus, GAM 2291 A) in            
PBS to each bacterial smear. The slides were placed in a damp box again               
and incubated at 37°C for 45min. They were then washed three times with               
PBS at pH 7.3 before the addition of 0.lmL of mounting solution. The                    
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mounting solution was composed of 90% glycerol and 4% n-propyl gallate              
in 50mM PBS at pH 8.2. The slides were then observed under a Zeiss 
epifluorescent microscope. 
 
2.6.5   Heat stability testing of Vibrio surface antigens 
 
In order to determine the nature of Vibrio surface antigens recognized                     
by specific McAbs, a sodium azide killed-Vibrio suspension was heated at 
100°C for 2h. This resulted in the denaturation of heat labile                         
antigenic components leaving only heat stable antigens on the surface.                 
Both heat-treated and unheated bacteria were reacted with a particular                    
McAb in a conventional ELISA. If the ELISA optical density of the heat- 
treated antigen was greater than 50% of that of the unheated antigen, it                
was considered as being a heat stable antigen. Conversely it was                       
defined as being heat labile when the optical density was less than 25%                  
of unheated, whilst an optical density bet 25% and 49.9% was thought                      
to represent a partially heat stable antigen. 
 
2.7   Isotyping immunoglobulin subclasses 
 
2.7.1  Ouchterlony gel double diffusion 
 
Ouchterlony gel double diffusion was performed on a slide using 0.85%              
(w/v) agarose (Sigma Type VII) in 50mM PBS pH 7.4 containing 0.2 % (w/v) 
sodium azide. An appropriate number of holes in two parallel rows were           
made in the gel. Tissue culture supernatants obtained from growing the 
hybridoma in Monomed serum free media (Commonwealth Serum Laboratories) 
were concentrated by the addition of an equal volume of 100% saturated 
ammonium sulphate. The samples were kept in ice for 2h before being 
centrifuged at 3,000 x g for 30min at 4°C in a Beckman TJ-6 centrifuge.            
After the supernatant was discarded the pellet was resuspended in 100µL                 
of distilled water and dialysed against 0.1% (w/v) NaCl overnight to                             
remove the (NH4)2SO4. Samples of 10µL were placed into each gel hole of             
one row. To the other row, 10µL of each of isotyping goat anti-mouse            
antibody (from right to left, anti-IgA, anti-IgM, anti-IgG1, antii-IgG2a,             
anti-IgG2b and anti-IgG3, Sigma) were added and incubated at RT in a 
humidified chamber for up to a week.  The gels were examined daily for                 
the appearance of precipitin arcs. 
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2.7.2   Bio-Rad isotyping kit 
 
An ELISA plate was coated with the appropriate bacterial antigen (as           
described in section 2.6.3). The ELISA plate was blocked by the                          
addition of 100µL per well of 1% (w/v) BSA and then incubated at RT for 4h. 
The plate was washed and 100µL of McAb supernatant, recognizing the             
coated bacterial antigen was added. It was then incubated at RT for 4h.                
After washing the plate, 100µL of rabbit anti-mouse subclass specific                  
anti-serum to IgG1, IgG2a, IgG2b, IgG3, 1gM, IgA, κ and λ chain was               
added to the appropriate wells. For uniformity the plate configuration                   
was: row A IgG1, row B IgG2a, row C IgG2b, row D IgG3, row E IgM, row F 
IgA, row G κ chain, and row H λ chain. Following a 2h incubation at RT                
the plate was washed and 100µL of 1:1,000 diluted HRP-conjugated goat-            
anti-rabbit antiserum was added to the appropriate wells. The conjugate                
was diluted in incubation buffer without sodium azide because sodium               
azide was known to block the horseradish peroxidase enzyme. The plate            
was again incubated at RT for 2h. Immediately prior to use, equal                     
volumes of peroxidase substrate solutions A and B were mixed. After               
washing the plate, 100µL of substrate solution was added to each well.           
Positive reactions appeared within 10 minutes and the colour development            
was stopped by the addition of 100µL/well of 2% (v/v) oxalic acid.              
Results were documented using a Flow Microtitre MCC/340 Plate reader               
with a 492nm interference filter. 
 
2.7.3   Amersham typer dip-sticks 
 
For each hybridoma supernatant to be tested, one typing stick was placed                
into a labelled container and the hybridoma samples to be tested were               
diluted as follows: 0.5mL hybridoma supernatant in 4.5mL TBS-T (1:10) or              
0.05mL ascites fluid in 4.95mL TBS-T (1:100). 
 
A sample of 5mL diluted hybridoma sample was added to the typing stick            
and incubated for 15min at RT with suitable agitation. During the             
incubation with the hybridoma sample, 10µL of a peroxidase labelled                   
anti-mouse antibody was diluted (1:500) in Tris-buffered saline-Tween 20 
(TBS-T). The hybridoma solution was then poured off and the typing                   
stick was washed by the addition of 5mL of TBS-T to the container. It                  
was incubated for 15min with agitation and then the solution was                     
discarded. The washing of the sticks was repeated once. A 5mL volume                
of diluted peroxidase labelled anti-mouse antibody was then added to the   
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typing sticks. The containers were then capped tightly and each stick                   
was incubated at RT for 15min with agitation. During the incubation               
with peroxidase labelled anti-mouse antibody, a substrate solution was           
prepared by dissolving one 4-chloro-l-naphthol tablet in l0mL of                 
methanol at 4°C. A drop of 30% (v/v) hydrogen peroxide solution was              
added to 50mL of TBS and the two solutions were mixed together just             
before use. The peroxidase labelled anti-mouse antibody was poured off               
and the typing sticks were washed again. Each typing stick was then           
incubated for 15min at RT in 5mL of substrate solution. Finally the          
substrate solution was discarded and the typing sticks were washed using            
three changes of distilled water instead of TBS-T. Each typing stick                         
was then removed from its container and the results were immediately 
interpreted.  The sticks were allowed to air dry. 
 
2.8  FPLC purification of McAbs 
 
Preparation of semi-pure McAbs from Monomed serum-free medium                  
was obtained by replacing the Complete medium in flasks with 100% confluent 
cells with Monomed serum-free medium. The cells were cultured for             
another 3 days, supernatant collected and centrifuged at 1,500 x g for               
15min. The final supernatant was regarded as containing semi-pure                  
McAbs. 
 
The hybridoma supernatant from Monomed serum-free medium was 
precipitated with an equal volume of 100% saturated ammonium sulphate 
solution. This mixture was left on ice for 2h and then centrifuged at                       
1500 x g for 30min at 4°C. The pellet was dissolved in 200µL of 0.1%                 
(w/v) NaCl after discarding the supernatant. Soluble immunoglobulin was 
dialysed against 0.1% (w/v) NaCl for 24h with several changes of                
dialysis solution. 
 
FPLC chromatography was performed using the FPLC System management 
(Pharmacia) connected up to a computer. The following three methods                   
were used for purifying immunoglobulins from either Monomed serum-free 
medium or ascites according to the methods of Goding (1980, 1987). 
 
2.8.1   Affinity chromatography on Protein A Sepharose 
 
One mL of a 1:1 dilution of clarified ascites in binding buffer                       
containing 1.5M glycine, 3M NaCl at pH 8.9 and 0.02% (w/v) sodium azide 
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was applied to a HR 10/2 Protein A Sepharose column.  Bound protein was 
eluted using a decreasing pH gradient of elution buffer, 0.1M citric                       
acid containing 0.02 % (w/v) sodium azide, through pH 6.0, 5.0, 4.0 to               
3.0. 
 
2.8.2   Gel filtration 
 
Ascites clarified by centrifugation was loaded onto a sepharose 12 HR                       
30/10 column and eluted with TBS containing 0.32M NaC1, 0.01M Tris-HC1, 
pH 8.3 containing 0.02% (w/v) sodium azide. 
 
2.8.3   Mono-Q ion-exchange chromatography 
 
Clarified ascites was dialyzed overnight against 20mM Tris-HC1, pH 7.6.                 
It was then centrifuged at 3,000 x g for 10min before loading it onto a 
Pharmacia cation-exchange Mono-Q HR 5/5 column. The column was 
equilibrated with buffer A (20mM Tris-HC1 pH 7.6) and the material was 
eluted with a linear gradient of 0 to 0.5M NaC1 in the same buffer. 
 
2.9   Preparation of enzyme-antibody conjugates 
 
The immunoglobulin fraction was purified from ascitic fluid using a                   
protein A sepharose column. A volume of lmL of pure immunoglobulin (1.4 
mg/mL) was mixed with 5mg (5,000 units) of alkaline phosphatase (AP,  bovine 
type VII-T from bovine intestinal mucosa; Sigma) at RT with               gentle 
stirring. The mixture was then dialyzed for 18h at 4°C against            changes of 
PBS at pH 7.5. Glutaraldehyde (Sigma) was added to a                       0.2 % 
(v/v) final concentration and the mixture was incubated at RT for            2h 
while stirring gently. It was redialyzed first against PBS and then                                   
against 0.05M Tris buffer supplemented with 1mM MgCl2 at pH 8.0. The 
mixture was concentrated to approximately 5mL by rotary evaporation at                 
4°C.   Finally BSA (Sigma) and sodium azide were added to a 1% (w/v) and         
0.2% (w/v) final concentration, respectively. The effectiveness of the            
conjugate was checked by performing ELISA with serial dilutions of the 
conjugate. 
 
In order to determine the activity of labelled antibody, the AP-                     
conjugated McAb was serially diluted and reacted with Vibrio precoated                                  
onto 96-well plates. The titre of the conjugate was calculated after                      
reading the ELISA results (section 2.6.3). This was carried out by                     
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coating Vibrio isolates on 96-well plates and then different dilutions                       
of conjugate were added to appropriate wells of the p1ate. The                   
development of a yellow colour at O.D. equal to 0.6 or above was defined              
to represent a positive result. 
 
2.10   Polyacrylamide gel electrophoresis (PAGE) 
 
All solutions were prepared from the highest quality double distilled              
water. All glassware was washed in nitric acid and thoroughly rinsed in               
water before use. 
 
30% acrylamide and 0.8% bis-acrylamide were prepared by carefully              
weighing 14.6g acrylamide (Bio-Rad, No. 161-0101) and 0.4g N-N’-             
methylene-bis-acrylamide (Bio-Rad, No. 161-0201) into a container and            
double distilled water added up to 50mL. The solution was filtered                     
using Whatman No.1 filter paper and protected from light at 4°C. 
 
Lower gel Tris ( 4x) contained 18.17g Tris, 4mL of 10% (w/v) SDS solution 
(SDS was optional) and 10M HC1 to adjust the pH to 8.8. Double              
distilled water was added to 100mL. The solution was stored at 4°C. 
 
Upper gel Tris (4x) was made up with 6.06g Tris, 4mL of 10% (w/v) SDS 
solution and 10M HC1 to adjust the pH to 6.8. Double distilled water                   
was added to l00mL. The solution was stored at 4°C. 
 
Tris-glycine buffer (4x) contained 12g Tris, 57.6g glycine in l,000mL             
distilled water. To prepare lx reservoir buffer, 500mL of 4x                    
concentrate reservoir was mixed with 20mL of 10% (SDS) and made up to 2L 
with distilled water. 
 
Ammonium persulphate solution was prepared by dissolving 100mg ammonium 
persulphate in 5mL distilled water. This solution was made up just                       
prior to use. 
 
TEMED catalyst, N,N,N’N’-tetramethylenediamine was purchased from Bio- 
Rad laboratories (Cat . No. 161-0800). 
 
Sample buffer contained 4.4mL distilled water, l.0mL 0.5M Tris-HC1             
buffer, 0.8mL glycerol, l.6mL 10% (w/v) SDS and 200µL 0.05% (w/v) 
bromophenol blue. This solution was regularly used for protein                  
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electrophoresis. The sample buffer for LPS was made by adding 0.4mL 2- 
mercaptoethanol. 
 
Procedures of SDS-PAGE electrophoresis .were as follows: 
 
The gel casting apparatus was thoroughly cleaned. This buffer, water                    
and acrylamide were mixed together in the appropriate proportions to                  
make a 6% (v/v) lower gel. An ammonium persulphate solution 10% (w/v) was 
prepared and added to the gel solution which was vigorously degassed               
at RT for 10min. The chemical catalyst, l0µL of TEMED, was added to the            
gel. The resultant gel solution was swirled and poured using a 18G                     
needle into the gel casting mold until the gel solution was up to 3cm of                    
the top of the glass plates. An overlay solution of water was gently                  
applied onto the gel surface. The gel was then left to set for 1h. An                   
upper, stacking gel was prepared in the same manner as the lower gel,                  
using a 4.5% (v/v) acrylamide solution. After removal of the overlay                  
solution, the upper gel was poured onto the lower gel and a well-forming              
comb gently inserted without trapping air bubbles. The surface of the                  
upper gel was covered with an overlay solution of water and then left at                
RT to set for lh. When the gel was set the comb was gently removed and               
the overlay solution poured off. 
 
The casting mold was dismantled and the gel inserted into the running  
chamber.  Tris-glycine buffer was poured into both the inner chamber and            
the outer chamber. 
 
Using a microlitre syringe, 20µL of samples were injected into the              
wells. The outer lanes were used for the samples and the middle lane                   
was used for pre-stained SDS-PAGE standards (high-range Bio-Rad, 161- 
0309). The standards were myosin, 205,000 D; β galactosides, 116,500 D; 
bovine serum albumin, 77,000 D and ovalbumin, 46,500 D. 
 
The gel was run at constant voltage of 200V for the first half hour, or               
until the sampler front entered the lower gel, at which point the voltage               
was lowered to 45V. The gel was run at this voltage overnight. The              
apparatus was dismantled at the end of the electrophoresis and the gel              
floated onto the first solution of the silver staining. 
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2.10.1   PAGE electrophoresis of immunoglobulins 
 
McAbs obtained from Monomed serum-free media were precipitated by 100% 
saturated ammonium sulphate and then dialyzed against saline (section               
2.8). The samples were diluted to 1:4 in sample buffer and then heated                
at 100°C for 5min before loading. 
 
2.10.2   PAGE electrophoresis of purified Vibrio LPS 
 
The sampler LPS were dissolved in a sonic bath at 40°C for 1min and then 
diluted to 1:4 in sample buffer (with 2-mercaptarethanol). The samples                   
were heated at 100°C for 5min before loading. The differences between 
electrophoresis of LPS and immunoglobulins were that the lower gel was                
12.5% (v/v) rather than 6% (v/v) and electrophoresis was operated at          
200V constant voltage for 45min. In addition, the molecular weight                 
markers were low range (Bio-Rad 161-0305) pre-stained SDS-PAGE standards 
as following: phospharylase B, 130,000 D; bovine serum albumin, 75,000               
D; ovalbumin, 50,000 D; carbonic anhydrase, 39,000 D; soybean trypsin 
inhibitor, 27,000 D and lysozyme, 15,000 D rather than high range              
standards. The other steps were the same as those employed in             
immunoglobulins electrophoresis. 
 
2.10.3   Coomassie blue staining of polyacrylamide gels 
 
Coomassie blue staining solutions were as follows: 
 
Fixing solution was made up with 400mL methanol, 70mL acetic acid and 
530mL distilled water. 
 
Coomassie blue staining solution was prepared by dissolving 1.25g              
Coomassie blue R.L. (Difco) in 500mL fixing solution. 
 
Destaining solution was prepared with 50mL methanol, 75mL acetic acid              
and 875mL distilled water. The reagent was stored at RT. 
 
Coomassie blue staining was done by soaking the gel in fixing solution                
at RT for 2h and then staining overnight. The gel was destained by                        
constant stirring of the destaining solution at 37°C until the                          
background became clear. The gel was photographed and stored in a zip                  
lock plastic bag with a small amount  of water. 
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2.10.4   Silver staining of polyacrylamide gels 
 
The silver staining solutions and chemical were as listed below: 
 
Prefixing solution contained 500mL methanol, l00mL acetic acid and 400mL 
water. Prefixing wash solution contained 50mL methanol, 70mL acetic                
acid and 880mL water. 
 
Fixing solution 10% (v/v) glutaraldehyde (Unilab/Ajax, No 698) was made            
by diluting 50mL of glutaraldehyde in 450mL water. It was then stored                   
in the dark at 4°C. 
 
Staining solution consisted of 3.5mL NH4OH, 52.5mL of 0.36% (w/v) NaOH, 
l0mL of 19.4% (w/v) AgNO3 and 184.0mL water. It was made just prior to             
use. 
 
Colour developing solution was prepared by adding 0.2mL of stock 
formaldehyde solution [38% (v/v) formaldehyde and 10% (v/v) methanol in 
distilled water] and 0.2mL of stock citric acid solution (citric acid                            
20g dissolved in 200mL water) to 399.6mL water. 
 
Destaining solution (photographic reducer) 
 
Solution 1 contained 7.4g cupric sulphate, 7.4g sodium chloride and                 
l50mL water. Concentrated ammonium hydroxide was added until the 
precipitate just dissolved. The solution was then made up to 200mL with            
water and kept in the dark. 
 
Solution 2 contained 87.2g sodium thiosulphate and 200mL water. 
 
Equal volumes of solutions 1 and 2 were mixed just prior to use. 
 
Silver staining was used as an alternative to Coomassie brilliant blue               
staining due to the greater sensitivity of the silver staining. 
 
The gel was soaked in prefixing solution overnight. It was then washed 
overnight in prefixing wash solution. The gel was next soaked in fixing  
solution of 10% (v/v) glutaraldehyde for 30min with gentle rocking. The          
fixing solution was washed off with water and the gel soaked in water               
for 2h. 
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The ammonium solution was prepared just prior to use and the gel stained            
with it for 15min and then transferred to a clear glass dish and washed               
with water for 2min. It was then transferred to the dark room to be              
developed under subdued lighting. 
 
The developing solution was prepared and poured over the gel. The gel               
was observed for colour development. When a suitable colour developed 
showing clear bands, the developing solution was removed and the gel               
rinsed under running water and the reaction stopped with 10% (v/v)                    
acetic acid. 
 
If the background became too dark, the silver deposits were reduced                
slightly with the use of reducing solution. 
 
After fixing in acetic acid, the gel was washed with water and               
photographed. 
 
Silver staining of LPS 
 
Procedures of silver staining of LPS were carried out according to               
Hitchcock et al., (1983). The polyacrylamide gel with separated LPS was            
fixed by placing it into 200mL of 25% (v/v) isopropanol in 7% (v/v)                   
acetic acid overnight. The oxidation of the fixed gel was performed for                
5min in l50mL of distilled water with 1.05g periodic acid and 4mL of 25%    
(v/v) isopropanol in 7% (v/v) acetic acid (solution made up just before               
use). The gel was given eight 30-min washes, each time with 200mL of  
distilled water. Silver staining was carried out for 10minm in a                    
solution consisting of 28mL of 0.1N NaOH, lmL of concentrated (29.4%)             
ammonium hydroxide, 5mL of 20% (w/v) silver nitrate and ll5mL distilled 
water. The silver nitrate solution was made just before use and stirred  
constantly while making. This was followed by another four 10min             
washes, each tine with 200mL of distilled water. The gel was developed               
for 10 to 20min in 250mL of developing solution containing 50mg citric          
acid, 0.5mL of 37% (v/v) formaldehyde in 1L of distilled water. This             
solution was also made up just before use. As the temperature of the            
solution decreased, staining of protein and LPS occurred. Colour             
development was stopped in a stopping bath of 200mL of distilled water             
plus l0mL of 7% (v/v) acetic acid for lh. Finally, the gel was soaked                  
in 200mL of distilled water and then stored in a zip lock plastic bag                      
with a small amount of water to prevent drying. 
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2.11   Immunoblotting 
 
Immunoblotting solutions and chemicals used were as follows: 
 
Tris-glycine buffer was prepared by dissolving 4.55g Tris and 21.6g             
glycine in 300mL methanol and then made up to 1,500mL with distilled                  
water. 
 
Tris-HC1 buffered saline (TBS) 0.05M at pH 7.5 was prepared by              
dissolving 9.03g Tris in an appropriate amount of distilled water and pH  
adjusted to 7.5 with 10M HC1. Finally, distilled water was added to                       
1,500mL after addition of 1.5mL of Tween 20. 
 
Horseradish peroxidase substrate solution was made by dissolving 60mg 4- 
chloro-l-naphthol (Sigma) in 20mL of methanol and TBS added to l00mL.             
Prior to use, 60µL of 30% (v/v) H2O2 added to the solution. 
 
Colour development was stopped using a TBS solution containing 0.1%              
(v/w) sodium azide. 
 
Electrophoretic transference 
 
Immunoblotting is a technique whereby electrophoretically resolved            
proteins are transferred from an acrylamide gel onto a membrane such as 
nitrocellulose (Towbin et al., 1979). The application of a McAb plus an           
enzyme conjugated second antibody to the membrane enables the            
visualisation of the bacterial antigen recognized by the McAb. The               
molecular weight can also be estimated by comparison of the protein of             
interest to molecular weight markers. 
 
The polyacrylamide gel was removed from the plates and equilibrated in              
300-400mL of the transfer buffer for 30min. 
 
Gels, 1.0mm or thinner, were assembled in the following manner: 
 
Clear panel= Anode 
Prewetted sponge pad for gels 1.0mm or thinner. 
Several sheets of pre-wetted thin blotting paper. 
Pre-wetted sheet of nitrocellulose (Bio-Rad M5238). 
Pre-equilibrated gel. 
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Several sheets of pre-wetted thin blotting paper. 
Prewetted sponge pad for gels 1.0mm or thinner. 
Grey panel = Cathode 
 
Ge1s, 1.5mm or thicker, were assembled in the following: 
 
Clear panel = Anode 
Prewetted fibre pad for gels 1.5mm or thicker. 
Single sheet of pre-wetted thick blotting paper. 
Pre-wetted sheet of nitrocellulose. 
Pre-equilibrated gel. 
Single sheet of pre-wetted thick blotting paper. 
Prewetted fibre pad for gels 1.5mm or thicker. 
Grey panel = Cathode 
 
When setting up the transfer blotting cartridges it was essential that                                
all the air bubbles were removed between the polyacrylamide gel and the 
nitrocellulose membrane. 
 
Electrophoretic transfer was carried out overnight at RT with 30V                  
constant voltage (≈100 mAMP). 
 
Colour development 
 
The sheet of nitrocellulose was removed from the polyacrylamide gel and              
any unreacted binding sites on the membrane blocked by incubating the 
membrane for 60min in 0.05M Tris-HC1 buffered saline (TBS), pH 7.5 
containing 5% (w/v) BSA. McAbs present as either serum free media or           
normal tissue culture media were centrifuged at 1,000 x g for 20min to              
ensure that the supernatants were clear of any debris. An aliquot of                    
20mL clarified McAb supernatant was added to the nitrocellulose sheet                        
for 2h at 22°C. The nitrocellulose was then washed with 4 changes of               
200mL 0.05M Tris-HC1 buffered saline at pH 7.5 containing 0.5% (v/v)                 
Tween-20. Sheep anti-goat Ig biotinylated whole antibody (Amersham RPN 
1021) was used at a dilution of 1:400 in 0.05M Tris-HC1 buffered saline,             
pH 7.5 containing 1% (w/v) BSA. The nitrocellulose sheet was incubated             
with the secondary antibody solution for 2h at 22°C. The nitrocellulose                
was again washed with 4 changes of 200mL 0.05M tris-HC1 buffered saline       
pH 7.5 containing 0.5% (v/v) Tween-20. Horseradish peroxidase-                
streptavidin (Amersham RPN 1231) was used at a dilution of 1:400 in              
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0.05M Tris-HC1 buffered saline at pH 7.5 containing 1% (w/v) BSA. The 
nitrocellulose sheet was incubated with the conjugate for 2h at RT. The 
nitrocellulose was again washed with 4 changes of 200mL 0.05M Tris-HC1 
buffered saline pH 7.5 containing 0.5% (v/v) Tween 20. The                    
nitrocellulose sheet was then incubated with substrate solution                    
containing 60mg 4-chloro-l-naphthol (Sigma No. C-8890) dissolved in               
l00mL of TBS with 20mL of methanol. An aliquot of 60µL of H2O2 30%             
(v/v) was added to the substrate solution prior to use. The reaction                     
was stopped by pouring off the substrate solution and washing the      
nitrocellulose sheet with TBS containing 200mg sodium azide per litre. 
 
2.12   Purification of Vibrio lipopolysaccharide 
 
V. alginolyticus, ACMM 101, V.  anguillarum AFHRL 1, V.  anguillarum QLD 
2628, V. anguillarum Serotype O1, V. cholerae Inaba 569B, V. furnissii              
ATCC 35016, V. ordalii ATCC 33509 and V. parahaemolyticus FC1O11 were 
selected for the extraction and purification of LPS. These bacteria are 
pathogenic to humans or fish. 
 
2.12.1   Extraction of LPS by hot-phenol water method 
 
LPS from the strains of Vibrio bacteria used was prepared by the hot              
phenol-water extraction described by Westphal et al., (1952). After 
identification with a number of routine microbiological and biochemical 
methods, the strains were initially pre-cultivated in liquid sea water                  
medium at 25°C for 6h. The pre-culture was then used to inoculate the                
large volume of liquid sea water medium. After the cultures had entered 
stationary phase, bacteria were pelleted by centrifugation (Beckman J2-                    
21M/E) at 10,000 x g for 20min. They were then washed with distilled               
water and treated with 0.05M EDTA at pH 7.5 before being resuspended in 
distilled water. Aqueous phenol 90% (w/v) was added to the cell                
suspension making a final 45% concentration and the extraction was                
carried out by heating in a water bath at 68°C for 30min with constant           
shaking. Phase separation was allowed to occur at 4°C overnight. Both               
the aqueous and the phenol phases were collected. Extraction was                
repeated once again. Both aqueous phases were pooled and dialyzed                   
against tap water, followed by distilled water. The cell debris in the                 
phenol phase was removed. The phenol phase was then subjected to              
extensive dialysis against tap water followed by distilled water. 
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Both the dialyzed aqueous phase and the dialyzed phenol phases were 
concentrated by rotrary evaporation (Rotavapor R110) to a 50mL volume.            
The concentrated material was then subjected to low speed centrifugation                  
of 5,000 x g for 20min to remove any insoluble debris. The preparation               
was regarded as crude LPS since it might contain 0.5%-3% protein and                
less than 10% nucleic acid (Luk et al., 1990). 
 
2.12.2   Purification of LPS by ultracentrifugation 
 
In order to remove protein and nucleic acid contamination, the aqueous            
soluble material was ultracentrifuged at 4°C for 4h at 105,000 x g in a 
Beckmann Ti-65 rotor. Protein and nucleic acid contamination was                      
monitored by determining the UV spectrum at 190 to 350nm. The pellet            
obtain after 4 ultracentrifugations was resuspended in a minimal amount                
of deionized water and subjected to an ultrasound bath at 40°C. By 
ultracentrifugation, LPS and nucleic acid was separated to finally                     
obtain a highly purified, water-soluble LPS preparation (Westphal et                   
al., 1983). 
 
2.12.3   Determination of LPS by UV spectrophotometery 
 
LPS resuspended in distilled water was given a la speed spin of 3,000 x                     
g for 20min. The supernatant was collected and subjected to another                  
round of ultracentrifugation until free of RNA contamination ensured by                    
the UV spectrophotometer (Hitachi 220A) at a wavelength range from 190              
to 350nm. The purified LPS was then lyophilized to dryness using a              
Dynavac freeze drying unit model FD1. Finally, the LPS was made up to                       
1mg/mL in distilled water and stored at -70°C. 
 
2.13   Preparation of outer membranes of V. cholerae 
 
Preparation of whole outer membranes of vibrios were carried out                  
according to methods given by Manning (pers. comm.). V. cholerae Inaba  
569B and V. cholerae mutant strain V700, were grown in TBS at 37°C 
overnight and then l0mL of each culture were centrifuged at 7,800 x g             
for 10min. The supernatants were discarded. The pellets were                              
resuspended in l0mL of 30mM Tris-HC1 buffer (Sigma, T-1378) at pH 8.1            
and centrifuged in a bench centrifuge for 10min. The pellets were             
resuspend in 0.2mL of 20% (v/v) sucrose (AJAX Chemicals) and 30mM Tris - 
HC1 at pH 8.1, and then cooled on ice. The bacteria were converted to 
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spheroplasts by addition of 20µL of 1mg/mL of lysozyme in 0.1M EDTA (BDH 
Chemicals) at pH 7.3, on ice for 30min. The suspension was frozen on                  
dry ice for 30min, thawed out and then 3mL of 3mM EDTA at pH 7.3 added. 
The pellet was dispersed in a vortex and sonicated for l5sec on ice.                      
The suspension was centrifuged at 2,800 x g for 5min at 4°C and the              
resulting supernatant centrifuged at 15,000 x g for 60min. The                   
supernatant was discarded and the tube thoroughly drained. The pellet                   
was resuspended in 100µL of LUG buffer, being SDS-PAGE sample solution. 
 
The extracted membranes of V. cholerae were heated at 100°C for 5min              
before loading on acrylamide gel for separation. 
 
2.14   Preparation of flagella from vibrios 
 
Crude flagellar preparations of V. parahaemolyticus FC1011 and V. 
alginolyticus ACMM 101 were prepared according to the methods of                   
Yancey et al., (1979). Initially, the bacteria were grown on Brain heart             
infusion (BHI) broth containing 0.9% (w/v) agar and incubated at 37°C             
overnight.  Bacteria were inoculated into a bottle containing 20mL of                    
BHI broth. After 14h of incubation at 37°C on a shaker, the culture was 
transferred into a flask containing 400mL of BHI broth. The culture was 
incubated until a 0.3 absorbance reading, at a wavelength of 540nm, was 
measured against a BHI broth blank (Yancey et al., 1979; Resnick et al.,            
1980; Cryz et al., 1982). 
 
A culture was vigorously mixed for 10min to shear flagella and was                      
followed by 10min of stirring. After centrifugation at 4,000 x g for                    
20min at 4°C the supernatants containing the flagella were collected and 
subjected to four cycles of centrifugation at 5,000 x g for 25min at                  
4°C, for each cycle. The flagella in the supernatants were recovered by                         
two runs of ultracentrifugation at 40,000 x g for 45min at 4°C, followed                 
by resuspension of the pellet in a volume of 0.9% (w/v) NaC1. 1/20                          
volume of 1N HC1 was added to the flagella mixture, which was then left                
to stand at RT for 30min. The mixture was then centrifuged at 80,000 x                       
g for 1h at 4°C. The pellet was dissolved in distilled water. The pure                
flagella were precipitated by ammonium sulphate and freeze-dried until        
required for use. 
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CHAPTER THREE 
 
PRODUCTION OF MONOCLONAL ANTIBODIES AGAINST VIBRIO PATHOGENS 
 
3.1  Introduction to immunological research of vibrios 
 
Members of genus Vibrio are predominantly found in aquatic environments           
but they can also be isolated from human and other animals, principally             
marine animals. Whilst many of the species are thought to be harmless                   
to humans, some can be considered to be potentially dangerous. A total              
of eleven Vibrio species are linked to human infections. At least 6                     
species have been implicated in outbreaks of severe gastroenteritis,                    
namely V. cholerae, V. parahaemolyticus, V. furnissii, V. fluvialis, V.              
hollisae and V. minicus (Fujino et al., 1974; Lee et al., 1981 ; Davis et                    
al., 1981; Hickman et al., 1982; Shandera et al., 1983). Four species,                  
namely V. alginolyticus, V. damsela, V. cholerae non-Ol and V.                      
vulnificus have been implicated in localized wound infections and                    
systemic infections, resulting in primary and secondary bacteremia and 
septicemia (Miyamoto et al., 1969; Blake et al., 1979, 1980; Love et               
al., 1981; Tison,  et al., 1984; Morris et al., 1985; Bryant et al., 1987;             
Morris, 1987).  Another rare species V. metschnikovii, was isolated as                       
a possible pathogen (Lee et al., 1978; Jean-Jacques et al., 1981). 
 
Marine Vibrio species, e.g. V. anguillarum and V. ordalii have been                  
shown to be highly pathogenic to anadromous and catadromous fish                 
(Evelyn, 1971; Harrell et al., 1976; Schiewe et al., 1981; Toranzo et                         
al., 1983; Colwell et al., 1984; Devesa et al., 1985). Larval and                      
juvenile bivalve molluscs and crustaceans are known to be extremely 
susceptible to V. anguillarum mediated infection (Bowse et al., 1981;             
Jeffries, 1982; Bolinches et al., 1986). In addition, V. alginolyticus,                      
V. salmonicida, V. damsela, V. harveyi, V. carchariae and V. cholerae               
non-Ol have been implicated in fish and shellfish diseases (Egidius et                     
al., 1986; Austin et al., 1987). 
 
The detection of pathogenic vibrios in the environment involves a four-               
step strategy: (1) collect the samples, (2) recover vibrios from the                        
samples, (3) identify the vibrios recovered, and (4) confirm that they               
are pathogenic (Spira, 1984). The preliminary differentiation of                  
Vibrio-like organisms is to grow the isolates on TCBS selective medium 
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(section 2.4) because most pathogenic vibrios will grow reasonably well                   
on it, it is available from several sources and it does not require                  
autoclaving (The Oxoid Manual, 1982). The use of TCBS can initially 
distinguish vibrios from other enteric gram-negative bacteria. Further 
differentiation is based on the following four efficient and effective 
characteristics: salt requirement for growth, gelatinase production,                  
sensitivity to the vibriostatic compound 0/129 (2,4-diamino- 6,7- 
diisopropylteridine phosphate) and oxidase reaction. Confirmatory tests                
are defined by serological reactions, such as agglutination tests                        
(Spira, 1984). 
 
3.1.1   Conventional methods for differentiation of Vibrio 
 
All vibrios listed in Table 1.2 (Chapter 1) are pathogenic to humans.                
Their phenotypic properties are similar to one another although they                    
show different pathogenic and serological reactions. Table 3.1 includes                  
the main biochemical characteristics of human Vibrio pathogens. Table              
3.2 gives an example of identifying Vibrio species and allied genera 
encountered in clinical laboratories. 
 
As mentioned in Chapter 1, V. anguillarum and V. ordalii a similar in 
biochemical reactions, and as a result, both bacteria were placed in the              
same species before 1981 (Schiewe et al.,). Their major characters are                  
listed in Table 3.3. However, amongst V. anguillarum strains, their              
characters are slightly different. Table 3.4 shows the results of six                 
different strains of V. anguillarum isolates (Humphrey, pers. comm.). 
 
To differentiate between V. parahaemolyticus, V. alginolyticus, V.                     
harveyi and V. vulnificus, it is necessary to test for growth on                      
cellobiose, gluconate, ethanol, L-serine, L-leucine, L-glutamate, and            
putrescine. To differentiate V. fluvialis biovars 1 and 2 adequately it                       
is necessary to test for growth on L-citrulline, putrescine and D-              
glucuronate (West et al., 1984). 
 
Characterization of V. cholerae biovars 
 
V. cholerae possess three serotypes, Inaba, Ogawa and Hikojima (section                   
1.2), and can also be subdivided into two biovars, i.e. classical and El                    
Tor biotypes (Table 3.5). Their different biological characteristics                      
are of diagnostic importance. 
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Table 3.1.  Biochemical differentiation of Vibrio species in human                   
disease (West et al., 1984 and Bryant et al., 1986). 
 
 
+,  90-100% of strains are positive; 
-,   0-10% of strains are positive; and 
d,  11-89% of strains are positive. 
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Table 3.2. Identification of Vibrio species and allied genera likely to                         
be encountered in clinical laboratories (Baumann et al., 1984). 
 
 
S, sensitive; R, resistant; Y, ye11ow; G, green; +, ≥ 90% of strains are               
positive; -, ≥ 90% of strains are negative; d, 11-89% of strains are                      
positive; and D, different reactions in different taxa. 
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Table 3.3. Important differences between V. anguillarum and V. ordalii                  
complied from West et al., (1984). 
 
 
+,  positive; and 
-,   negative. 
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Table 3.4. Identification of V. anguillarum isolates (strains and                          
results supplied by Humphrey, pers. comm.). 
 
 
(Table 3.4 cont...) 
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*,  see section 2 . 1 for sources and codes of strains; 
+,  positive; and 
1,  negative. 
 
Numerical classification schemes for the family Vibrionaceae include the               
four genera, Vibrio, Aeromonas, Photobacterium,and Plesiomonas (Baumann  
et al., 1984; Bryant et al., 1986a,b). Another identification system of                    
members of the Vibrionaceae is shown in Fig. 3.1 (West et al., 1984). A           
further identification system resulted in bacterial groups consisting of                 
one or more different species, e.g. Vibrio was represented by 29 species             
based on several taxonomic studies (Lee et al., 1985; MacDonell et al.,             
1985). Their identification was based on 81 characters and resulted in             
the identification of 38 phenons within the family Vibrionaceae of which               
29 correlated with previously defined Vibrio species. 
 
Discrimination between different Vibrio species using morphological, 
physiological and biochemical characteristics is relatively time                  
consuming and requiring experienced microbiologists. Therefore McAb 
technology was used to identify unique epitopes on the surface of                  
different Vibrio species and provided for rapid diagnosis. 
 
3.1.2   Vibrio pathogens used for McAb preparations 
 
Pathogenic vibrios of humans and fish which were used for immunizations           
and  fusions,  included  V. alginolyticus ACMM 101, V. anguillarum AFHRL 1, 
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Fig. 3.1. Scheme for preliminary identification of species of the              
Vibrionaceae. ALO, arginine dihydrolase, lysine decarboxylase,                    
ornithine decarboxylase; 0/129, 2,4-diamino- 6,7-diisopropylpteridine 
phosphate (vibriostatic agent); S, sensitive; R, resistant; d, variable                      
reaction among strains; +, positive; and -, negative (adapted from West               
et al., 1984). 
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Table 3.5. Characteristics that distinguish the biovars of V. cholerae              
(Baumann et al., 1984). 
 
 
 
V. anguillarum AFHRL 43, V. carchariae ATCC 35084, V. cholerae Inaba 
569B, V. damsela ATCC 33537, V. furnissii ATCC 35016, V. harveyi ACMM 
130, V. ordalii ATCC 33509, V. parahaemolyticus FC1011 and V. vulnificus        
(Sweden). The procedures for immunization, fusion and production of                         
McAb were given in section 2.5. 
 
3.1.3   Immunoidentification of pathogenic Vibrio species 
 
The traditional serological identification of vibrios has been based on                  
slide agglutination test using polyclonal antiserum (Kabir, 1982, 1983;               
West et al., 1984). In the present research, the identification of                   
pathogenic vibrios by immunoassays was based on McAbs using enzyme           
linked immunosorbent assay (ELISA), FITC-immunofluorescence (IF) and 
immunoblotting. or ELISA, it included indirect or direct rapid                          
testing, while for FITC, an indirect method was routinely used for                    
screening the isolates (sections 2.6.3 and 2.6.4). Western                  
immunoblotting was employed to detect the surface antigens of vibrios,              
i.e. LPS, H-antigen, outer membrane proteins and determination of              
subclasses of monoclonal immunoglobulins. 
 
3.2   Results 
 
3.2.1   Identification of Vibrio species by microbiological methods 
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All the vibrios used for immunizing and screening were identified by 
conventional microbiological methods in order to ensure they were Vibrio 
species. The results are listed in Table 3.6. In the identification of                           
V. anguillarum 2628, it was found that this strain shared some             
microbiological reactions with V. ordalii ATCC 33509. Further tests                   
were carried out to distinguish it from the V. ordalii strain and the                        
results are given in Table 3.7. 
 
3.2.2   Pre-fusion end-point titres of immune serum 
 
A typical ELISA result, using polyvalent immune serum raised to V.                 
ordalii ATCC 33509, is shown in Fig. 3.2. The immune serum was tested 
against homologous bacteria and BSA control 4 days prior to fusion. In                 
this case the polyvalent anti serum had high titres to the homologous             
bacteria, i.e. 10-5, but not to BSA. For all others, the antibody                               
titres re usually bet l0-3 and 10-5. 
 
3.2.3   A library of Vibrio MAbs 
 
McAbs were raised to twelve strains covering ten well known pathogenic  
Vibrio species. Each fusion produced at least two, and in several                 
cases, many positive hybridomas. Each hybridoma was cloned at least                    
twice to ensure that the McAb was derived from a single clone.                      
Altogether, 102 different McAbs were produced. Of these, the                     
distributions of immunoglobulin heavy chains were: 48 IgG1 (47.06%), 12 
IgG2a (11.76%), 10 IgG2b (9.80%), 14 IgG3 (13.73), 13 1gM (12.75%), 2            
IgA (1.96%), 2 showing both IgM and IgG2b immunoglobulins (1.96%) and 1 
undetectable Ig (0.98%). The numbers of κ and λ light chains re 99                
(97.05%) and 3 (2.95%), respectively. Some McAbs showed high species-             
specificity, other recognized a few strains outside the species, while                  
others cross reacted with bacteria within the genus and a few outside               
the genus. 
 
The details of the library of McAbs developed against vibrios are listed                            
in the Appendix 1. Characteristics of the McAbs include their isotypes, 
recognition of heat-stable surface epitopes, specificity and cross-                  
reactivity. The library was based on extensive cross-screening against                     
all bacteria used in the present study. These McAbs were produced in                                     
the form of ascites and tissue culture supernatants obtained from media                
with, or without , serum. 
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Table 3.6.   Microbiological characteristics of Vibrio species. 
 
 
0/129 (150µg), 2,4-diamino- 6,7-diisopropylpteridine phosphate; GS, gram 
stain; LIP, lipase; ONPG, hydrolysis of o-nitrophenol-β-D-galacto-             
pyranoside test; GEL, gelatin hydrolysis; IND, indole test; OXI , oxidase 
production; MR, methyl red; Growth on TCBS, thiosulphate citrate bile           
sucrose (TCBS) agar; HBA, growth on horse blood agar; and TEMP, 25 or 37         
°C temperature required for growth. 
 
+,  positive; 
-,   negative;  
+/-,  delayed reaction; 
Y, Yellow; 
G, Green; and  
Ng, No growth. 
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Table 3.7.   Microbiological identifications of V. anguil1arum and V.               
ordalii 
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(table 3.7 cont...) 
 
 
+, represent phenons for which characters were always 100%; -, 0%; N,               
not done; numbers refer to strains given as a % of the total that                   
exhibited a positive response and; API, refers to standards tests of the  
Analytical Profile Index and tests were performed according to the 
manufacturer’s instructions (Montalieu Vercieu). 
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Fig. 3.2. Pre-fusion end-point titres of immune serum versus homologous 
bacterium and BSA control. Bacteria (●) O.D. = 0.2 at 620nm and 1% BSA           
(▲) were coated onto 96-well plates. The plates were incubated at 4°C 
overnight and then blocked by 1% BSA at 4°C overnight. Serially diluted 
immune serum was added to different rows of the plate, incubated at RT                 
for 4h and the conjugate added. The plates were incubated at RT             
overnight and followed by the addition of substrate. The results were              
recorded at 405nm after 100min. 
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Of all 12 fusions, fusion 15 produced the greatest number of positive 
hybridomas. This fusion was carried out against V. alginolyticus ACMM             
101 and a total of 46 McAbs were produced. They showed a spectrum of 
reactivities in their cross-reactions against a wide range of bacteria.                   
It was found that 15 McAbs possessed species-specificity, 3 McAbs cross 
reacted with V. furnissii and another 3 McAbs cross reacted with only V. 
carchariae. It is interesting that 22 McAbs cross reacted with all or                   
several V. parahaemolyticus strains. Six Abs cross reacted with only                    
a few species within the genus and 2 McAbs showed broad cross               
reactivities with many species within the genus. Another 9 McAbs cross     
reacted widely with members of family Vibrionaceae as well as other                
gram-negative bacteria. 
 
Two strains of V. anguillarum serotype O1 were used to immunize separate 
mice. Fusions 13 and 14 corresponded to V. anguillarum AFBRL 1 and 43, 
respectively. Altogether 14 McAbs from these fusions were species-                
specific. Of them, 8 McAbs, F31P18A, F13P212C, F13P49H, F13P410C, 
F13P41IC, F13P56D, F13P58A and F13P611F, recognized the homologous 
stain used for immunizing; F13P610F cross reacted with all AFHRL strains; 2 
McAbs, F14P110B and F14P512D, cross reacted with another strain, AFHRL 
45; McAb, F14P55D , recognized 5 of the 6 V. anguillarum FHRL strains,           
and the last two McAbs, F13P13F and F13P77D, reacted with most V. 
anguillarum serotype O1 strains which include both Australian and          
overseas strains. 
 
Two McAbs were obtained from fusion 24 performed against V. carchariae 
ATCC 35084. One of them, F24P56G, was a species-specific McAb. Another         
McAb, F24P47E, cross reacted with V. damsela ATCC 33537. This McAb also 
cross reacted weakly with 5 of the 7 Vibrio isolates, e.g. V.                           
vulnificus, V. damsela, V. alginolyticus, V. anguillarum and V.              
splendidus. 
 
Fusion 7 performed against V. cholerae Inaba 569B produced 11 McAbs.          
Three McAbs, F7P18H, F7P36G and F7P510D4E, specifically recognized 
homologous V. cholerae McAb, F7P510D5B, cross reated with another                
strain of the species; three McAbs , F7P25A, F7P511C and F7P611R, reacted 
with several V. cholerae strains, i.e, V. cholerae O1 Brazil 1198-78, El                  
Tor Ogawa 3083 and V. cholerae non-Ol V3; three McAbs, F7P52C, F7P63B 
and F7P77C, recognized nearly all Vibrio species but no other members of              
the family Vibrionaceae or any other grain-negative bacteria. The last               
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McAb, F7P18E, recognized several Vibrio strains and cross reacted with a          
few Aeromonas strains as well as some gram-negative bacteria. 
 
V. damsela ATCC 33537 was used in two fusions, i.e. fusion 16 and fusion            
23, and resulted in 8 positive McAbs. McAb, F23P11C, was specific to                 
the homologous species while F23P77E cross reacted with several enteric  
gram-negative bacteria. F16P102C recognized some vibrios but no other         
gram-negative bacteria. Other McAbs from fusion 16 recognized some              
Vibrio species and cross reacted with Aeromonas and other gram-negative 
bacteria but did not react with Photobacterium. 
 
Six McAbs were obtained from fusion 11 that was performed against V. 
furnissii ATCC 35016. Of these McAbs, four, i.e. F11P310F, F11P311A, 
F11P51IB and F11P67E, showed species-specificity. McAb, F11P68C, cross 
reacted with V. cholerae Inaba 569B and V. fluvialis. The remaining                
McAb, FI1P411F, recognized nearly all Vibrio species but no other                      
members of the family Vibrionaceae or enteric gram-negative bacteria. 
 
Only two McAbs were produced from fusion 12 prepared against V. harveyi        
ACMM 130. McAB, F12P411E, possessed species specificity, while another, 
F12P16D, cross reacted weakly with a few Vibrio species. 
 
V. ordalii ATCC 33509 was used to prepare fusion 18 and 2 McAbs were 
obtained. One McAb, F18P66C, cross reacted strongly with V. anguillarum 
2628 and the other, F18P82G, cross reacted weakly with V. anguillarum 
AFHRL 1, as well as V. anguillarum strains 2628, 3247, 3248, 3250, 3251           
and 3260. Although both McAbs cross reacted with V. anguillarum 2628,           
they did not react with other bacterial species. It appeared that V.                
ordalii and V. anguillarum 2628 were the same species and had been  
incorrectly classified, or both strains shared the sane antigens. 
 
Fusion 6 was made against V. parahaemolyticus FC1011 and produced 2                   
McABs. McAb, F6P55C, was isotyped as IgA, and was highly specific to V. 
parahaemolyticus, while F6P13G cross reacted widely with all the members           
of the family Vibrionaceae and most gram-negative bacteria. 
 
Fusion 31 raised to V. vulnificus (Sweden) gave 9 McAbs. One of them,            
F31P11F, specifically recognized the homologous bacterium, and 2 McAbs, 
F31P46F and F31P58B, reacted with all V. vulnificus strains but no other 
bacteria. Three other McAbs, F31P79G, F3IP3I1B and F31P46B, cross          
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reacted with a few closely related species, and the remaining McAbs,  
F31P25H, F31P18D and F31P310D, cross reacted with most Vibrio. It was 
interesting that none of the 9 McAbs cross reacted with any gram-               
negative bacteria, other than Vibrio species. 
 
3.2.3.1  Species-specific Abs 
 
Species-specific McAbs were ascertained only after extensive screening             
with a wide range of the Vibrio species. A species-specific McAb was       
defined as one that only reacted with the species originally used to            
immunize and produced the McAb. However, as there were many strains              
with a species, e.g. V. anguillarum with 10 serogroups from Denmark, 6             
strains from AFHRL, 9 strains from Queensland and 1 from Tasmania , the  
species-specific McAb was found to react with only some strains. These           
McAbs did not, however, react with other species within the genus. The  
species-specific McAbs were employed in identification and confirmation           
of Vibrio species and pathogenic strains. 
 
3.2.3.2  Genus-specific McAbs 
 
Genus-specific McAbs recognized all, or nearly all, Vibrio Species, but              
no other species within the genera of the family Vibrionaceae, or other         
gram-negative bacteria. Three genus-specific McAbs, F11P411F, F7P52C          
and F7P63B were obtained. The first one was raised to V. furnissii, and                  
the last two McAbs were performed against V. cholerae Inaba 569B. McAbs 
F11P411F and F7P52C recognized heat-stable antigens, presumably LPS. 
McAb F7P63B failed to react with heat-stable antigens. These three               
McAbs were found to be very useful for initial screenings of gram-                  
negative bacteria as they could easily identify a bacterium as belonging               
to the genus Vibrio, or not. 
 
Some McAbs cross reacted with a few vibrios that were taxonomically            
related, e.g. V. parahaemolyticus, and V. alginolyticus, and also                         
V. anguillarum and V. ordalii. Twenty two of the 46 McAbs positive to                    
V. alginolyticus also reacted with V. parahaemolyticus. McAbs, F18P66C     
and F18P28G, raised to V. ordalii reacted with a few V. anguillarum               
strains (appendix 1). Together, these McAbs have taxonomic significance              
as they indicate common epitopes on the related species. Conventional 
identifications have also shown that they are taxonomically related. 
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 3.2.3.3  Cross-reacting McAbs 
 
Cross-reaction within the family Vibrionaceae 
 
Of a total of 102 McAbs produced, 13 showed some cross reactions with           
other members of Vibrionaceae, mainly with the strains of Aeromonas and            
Photobacterium, rather than Plesiomonas. These McAbs were not            
recommended for use in identification or diagnostic work. 
 
Cross-reactions of McAbs with gram-negative bacteria 
 
Some McAbs cross reacted with all genera of the family Vibrionaceae, as                   
well as a range of enteric pathogenic gram-negative bacteria.  McAb,              
F6P36G, raised to V. parahaemolyticus, reacted with all species tested, 
including the enteric gram-negative bacteria. This McAb failed to               
recognize heat-stable antigens. Several McAbs reacted with only a few             
enteric gram-negative bacteria but no members of the family                
Vibrionaceae except for Vibrio. The significance of these broad cross 
reactivities is unknown. However, a study of the antigen common to all             
gram-negative bacteria could be of importance to further our knowledge                
of outer membranes 
 
3.2.4   Partial characterizations of Vibrio surface antigens 
 
3.2.4.1  Reaction of McAbs with live and killed Vibrio 
 
In view of safety and quarantine problems associated with incoming                  
strains, it was often difficult to deal with live, virulent strains.                        
Therefore, in both immunizations and cross screenings, formalin fixed or 
sodium azide killed bacteria v routinely used. However, in order to              
rapidly identify unknown isolates, live bacteria were sometimes used.                
It was found that live and killed bacteria consistently showed a similar           
reaction with McAbs. 
 
3.2.4.2  Detection of heat-stable surface antigens of Vibrio 
 
The present research was based on using heated and unheated sodium azide 
killed vibrios in ELISA screening with McAbs. The definitions of heat           
stability are given in section 2.6.5. The results of 102 McAbs                        
(Appendix 1) indicated that 55 (53.92%) McAbs recognized heat-stable 
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antigens, 37 (36.28%) reacted with heat-labile antigens and 10 (9.80%)              
were defined as partially heat-stable. Most of the McAbs that                       
recognized heat-stable antigens reacted with purified homologous LPS                  
and LPS of different Vibrio species (section 6.3.2). 
 
 3.2.4.3  Reaction of McAbs with H-antigens of V. parahaemolyticus and V. 
alginolyticus 
 
Bacterial flagella have been found to possess strong antigenicity; the             
surface antigens of which were sensitive to acid and basic chemicals as                       
well as heat and certain physical factors (Pastoris et al., 1980; Ferris                        
et al., 1984). Of the 46 McAbs produced in fusion 15 against V.                
alginolyticus, 22 McAbs strongly cross reacted with three strains of V.            
parahaemolyticus. Baumann et al., (1984) reported that these two vibrios             
share a common flagellar antigen. In the present study, the flagella                  
were extracted and the components separated by SDS-PAGE. When 
immunoblotting was carried out, it was consistently shown that                 
preparations of crude flagella were recognized by several McAbs which               
had originally cross reacted with V. parahaemolyticus. The molecular                   
weight of the common antigenic band (Fig. 3.3) was approximately 35,000             
D, the same as that of H-antigen. 
 
 3.2.4.4  Reaction of McAbs with outer membrane of V. cholerae 
 
Three McAbs, F7P25A, F7P36G and F7P510D, specific to V. cholerae O1 v 
used in ELISA screening (Table 3.8) to test V. cholerae O1 wild and             
mutant strains, as well V. cholerae non-Ol. McAb, F7P25A, reacted with                
V. cholerae Inaba 569B wild and mutant strains, and Ogawa wild strain.             
McAb, F7P36G, recognized both Inaba wild and mutant strains, but not the 
Ogawa serotype. The third McAb, F7P510D, reacted with all wild and      
mutant strains of Inaba and Ogawa supplied by Adelaide University. This            
McAb failed to recognize heat-stable antigens while the other two did.                   
All three McAbs reacted with rough n strains of V. cholerae. 
 
The outer membrane proteins of live cells were extracted from wild and             
mutant strains of V. cholerae O1 Inaba 569B according to Manning (pers.         
comm.). Preparations of these outer membrane proteins were visualised                 
by Coomassie blue staining and immunoblotting following the SDS-PAGE. 
Figure 3.4 shows that similar bands were found on the immunoblotting 
membrane  sheets.  Therefore  the  McAb, F7P510D,  must  recognize  an  inner                     
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Fig. 3.3.  Immunoblotting of flagellar preparations of V.                    
parahaemolyticus and V. alginolyticus.  McAbs used were from Fusions 6             
and 15 (see Appendix 1) for cross-screening results).  Lanes: A and B,             
Vibrio culture medium, BHI; C and D, V. parahaemolyticus FC1011               
flagella; E and F, V. alginolyticus ACMM 101 flagella; G, Low molecular 
weight range pre-stained standards (Bio-Rad).  A, C and E were undiluted 
samples, but B, D and F were 1:10 dilutions in sample buffer. 
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Table 3.8. ELISA using wild and mutant strains of V. cholerae. 
 
 
#  See section 2.1 for sources and codes of strains; 
*  V226, Kasauli R. V. cholerae rough; V33, 017,  El Tor Ogawa; V663,           
rough VCIIr mutant from V660 Kmr (V660=569B + F1 st lac trp tn 5)         
classical Inaba; V671, rough VCIIr mutant V660 Kmr V700, 569B P+        
derivative motile strepr and V704, 569B strepr (classical Inaba). 
 
 
 
membrane component as the membrane fragments of rough mutants were 
identified. 
 
3.2.4.5  Reaction of McAbs with LPS of Vibrio 
 
The LPS of selected Vibrio species was extracted and purified according                
to Westphal et al. (1952). LPS was used for screening by homologous and 
heterologous ELISAS (see section 2.6.3). The genus specific McAbs               
reacted with Vibrio cells as well as their extracted LPS (sections 6.3.2               
and 6.3.4). However, there were McAbs that cross reacted with LPS of              
closely related species, e.g. species-specific McAb, F13P13F, raised                
against V. anguillarum was found to recognize LPS of both V. anguillarum          
and V. ordalii.  Similarly, a McAb, F15P710G, raised against V.               
alginolyticus recognized LPS of both V. alginolyticus and V.                        
parahaemolyticus. 
 
3.2.4.6  Reaction of McAbs with a common LPS fragment of Vibrio 
 
It  was  found  that  some  McAbs reacted with a broad  range  of  whole  Vibrio 
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Fig. 3.4. Immuno-analysis of outer membranes of V. cho1erae O1 strains.               
a, SDS-PAGE electrophoresis and Coomassie blue stain; b, immunoblotting                    
of outer membranes using a McAb F7P510D, specific to V. cholerae Inaba             
569B. Lanes: S, low molecular weight range pre-stained standards (Bio-              
Rad); W, wild type of V. cholerae Inaba 569B; and M, rough mutant of V. 
cholerae Inaba 569B. 
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surface antigens as well as purified LPS extracted from a number of                 
Vibrio species. A useful McAb, F11P411F, that was developed against V.     
furnissii, was found to recognize nearly all Vibrio species as well as                 
the LPS of nine Vibrio strains, i.e. V. alginolyticus ACMM 101, V.           
anguillarum AFHRL 1, 2628 (Queensland), serotype O1 (Denmark), V.  
cholerae Inaba 569B, V. cholerae Inaba 569B LPS ( Sigma), V. furnissii          
ATCC 35016, V. ordalii ATCC 33509 and V. parahaemolyticus FC1011. When 
immunoblotting was performed, only one common band from each of the 
Vibrio species was recognized by this McAb. This antigenic band of LPS              
had a molecular weight equal to 15,000 D. However, silver staining of                   
LPS showed different properties of the bands with all these species (see          
section 6.3.3). 
 
The common 15,000 D LPS band was isolated from SDS-PAGE gels of whole 
LPS and used to immunize mice. The polyclonal antiserum produced in             
these mice reacted strongly in AP-ELISA with the LPS band, as well as                
live and sodium azide killed bacteria. It was found that this                     
polyclonal antiserum reacted more strongly than McAbs in immunoblotting. 
 
3.2.5   Alkaline phosphatase linked to specific McAb 
 
In order to meet the need of rapid identification of Australian V.             
anguillarum serotype O1 strains, the McAb, F13P13F, specific to V. 
anguillarum serotype O1 strains was purified by Protein A Sepharose and 
labelled with alkaline phosphatase. Serial dilutions of the conjugate                  
to 1:10, 1:100 and 1:1000 were then tested.  Reactivities of conjugate                   
diluted to 1:10 and 1:100 were similar whereas 1:1000 diluted conjugate               
gave a low reactivity (Fig. 3.5). The optimum dilution for the                       
conjugate in ELISA was found to be 1:100 (Fig. 3.6). At a conjugate                  
dilution of 1:1.00 there was found to be no increase in the ELISA                      
reaction after 60min. 
 
3.2.6   Blind tests using potentially diagnostic McAbs 
 
Table 3.9.  gives the combined results of the blind tests performed.                     
There was a general agreement between the three laboratories on a                   
species capable of being identified with the diagnostic McAbs. Of                     
these, three isolates, i.e. D, F and E, were diagnosed as V.                 
alginolyticus,   V.   anguillarum   and   V.   damsela   by   all  three  laboratories. 
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Fig. 3.5. Detection of V. anguillarum serotype O1 by an AP-IgG                      
conjugate in direct ELISA. V. anguillarum AFHPL 1 was coated onto 96-                 
well plates at 4°C overnight and blocked by 1% BSA at 4°C overnight. 
Conjugates diluted 1:10 (●), 1:100 (■) and 1:1000 (▲) were added for                     
lh at 37°C before substrate was added and results recorded at 405nm              
after 60min. 
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Fig. 3.6. ELISA comparisons of different secondary conjugate dilutions.              
V. anguillarum serotype 01 at 1.0A (●) and 0.1A (■) were coated onto             
96-well plates overnight at 4°C. 1% BSA was added on the wells of plate               
at 4°C overnight again. Serial dilutions of conjugates were added and             
incubated for lh at 37°C before substrate was added and results recorded                 
at 405nm during 100min. 
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Table 3.9. Identification of Vibrio isolates from animals, fish and                    
shellfish by three laboratories using conventional numerical tests             
(Laboratories 1 & 2 ) and rapidimmunological methods (Laboratory 3). 
 
 
 
* 1,   Mt. Pleasant Laboratory, Department of Agriculture, Tasmania. 
   2,   Sir George Fisher Centre for Tropical Marine Studies, James Cook    
             University of North Queensland, Townsville, Qld. Australia; and 
      3,   Department of Biological Sciences , Deakin University ( the present                 
                 research). 
 
 
Another three isolates, i.e. A, C and G, were designated as vibrios by 
immunodiagnosis, but could not be classified further, as the library did                    
not have the McAb corresponding to the species. The remaining isolate,            
i.e. B, was clearly diagnosed as V. vulnificus by immunodiagnosis,                
although the other 2 laboratories classified it as V. harveyi as a first                       
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option, by using conventional phenetic identification. However, it was  
identified as V. vulnificus as a likely second option. It is believed                    
that the isolate B is really V. vulnificus because other tests on V.                 
vulnificus strains held in stock and obtained from the Royal North Shore 
Hospital, were also positive with the same McAb. 
 
Further diagnostic testing of the McAbs were conducted with 5 Vibrio               
strains isolated from human infections, one of which lead to death after                   
the eating of Sydney rock oysters (Fernandes, pers. comm.). These                   
strains had been identified as vibrios by conventional techniques.                       
Three of these, i.e. V. alginolyticus, V. parahaemolyticus and V.                  
vulnificus, were confirmed using diagnostic McAbs. The other strain                    
that was typed as V. fluvialis by the original laboratory could be                     
classified as a Vibrio species only, using the genus-specific McAb,                    
Fl1P411F. It was not possible to identify V. fluvialis at the species                        
level as the McAb library did not have a species-specific McAb to V.                     
fluvialis. The fifth strain was also confirmed as a Vibrio species as                     
it was recognized by genus-specific McAbs. It was not identified by                    
using species-specific Abs available. 
 
Another diagnostic test was carried out on a bacterium isolated from an 
unknown diseased marine animal in Thailand. It was fixed by formalin,                 
sent to this laboratory and cross screened with McAbs using both ELISA               
and FITC-immunofluorescence tests. The isolate was clearly diagnosed as              
V. parahaemolyticus within 4 hours testing and the Thailand researcher                                       
notified of the results, confirming it as V. parahaemolyticus. 
 
3.2.7   Serotyping of Australian and overseas V. anguillarum isolates 
 
V. anguillarum serotypes O1 to O10 from Denmark were cross screened by 
McAbs raised to V. anguillarum AFHRL 1, AFHRL 43 and V. ordalii ATCC 
33509 (see Table 3.10 and Appendix 1). McAbs raised to V. anguillarum  
AFHRL 1 and AFHRL 43 reacted with serotype O1 only, while McAbs raised 
to V. ordalii ATCC 33509 reacted with serotype O2 only. None of MAbs            
cross reacted with serotypes O3 to O10. The 16 Australian isolates of                     
V. anguillarum including 9 strains isolated in Queensland, 6 from AFHRL             
and 1 isolated in Tasmania, appeared to be all serotype O1 . It was odd                     
to find McAb F14P512D raised to V. anguillarum AFHRL 43 did not            
recognize any of the Danish serotypes O1 to O10. McAbs raised to V.             
ordalii ATCC 33509 recognized the Danish serotype O2 only. 
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Table 3.10. ELISA cross-screenings of V. anguillarum serotypes O1 to                  
O10 by McAbs produced against V. anguillarum and V. ordalii. 
 
 
 
*,  F13=Fusion with V. anguillarum AFHRL 1;  
     F14=Fusion with V. anguillarum AFHRL 43; and 
     F18=Fusion with V. ordalii ATCC 33509. 
+,  See section 2.1 for sources and codes. 
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3.3  Discussion 
 
The taxonomy of Vibrio has been described by a nu of research groups                
in recent years (West et al., 1984; Lee et al., 1985; MacDonell et al.,                 
1985; Bryant et al., 1986a,b). Identification tables arising from these           
taxonomic studies historically played an important role as the                      
diagnostic basis for identifying vibrios, but involved many techniques,                 
and required adequate microbiological and immunological skills of the 
laboratory staff . These techniques were also labour intensive and often                   
took up to a week to reach a final diagnosis. For example, Bryant et                       
al., (1986) reported that 142 characteristics of Vibrio were used in               
numerical identification for sate species. This meant that the testing            
procedures were complicated in that a number of tests had to be carried                   
out to identify some cases. In addition, conventional methods involved               
many biochemical reactions, with results having to be recorded at                      
critical time intervals. These inconviences have troubled                         
bacteriologists for many years. However, during the 1980’s, McAbs were 
produced against a variety of bacteria and used for rapid identification                        
of the bacteria (Table 1.4). Since the early 1980s, Gustafsson and                       
Holme have developed McAbs against V. cholerae O1 for distinguishing 
serovars. 
 
As a classical infectious disease, the clinical diagnosis of cholera is                          
no longer difficult because of typical symptoms, signs and epidemiologic 
information. However, it is important to distinguish three different                    
serotypes in order to investigate the epidemiology. In view of this,              
Gustafsson et al., (1982, 1983, 1985), Sciortino et al., (1985), Manning                     
et al., (1986) , Ito et al., (1987) and Adams et al., (1988) have reported               
using McAbs to detect V. cholerae O1 serotypes. In the present                    
research, McAbs have been developed against six vibrios pathogenic to    
humans. It would greatly enhance diagnosis of human Vibrio infections                   
if McAbs to all 11 pathogenic strains (Table 1.2) were produced. 
 
Even fewer McAbs have been produced against marine vibrios (Espelid et            
al., 1988; Svendsen et al., 1988; Bogwald et al., 1990). McAbs against                  
7 out of the 9 pathogenic marine vibrios have been developed in the                    
course of this study and these have potential use in the identification                         
of pathogenic vibrios of fish, monitoring bacterial levels in fish farms                   
and quarantine situations. 
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McAbs that were species-specific and genus-specific were particularly                 
useful in the identification and classification of vibrios. For                                  
example, McAb F31P46F recognized all the V. vulnificus strains, while                    
McAb F11P411F recognized nearly all strains of Vibrio species. On                  
arrival, all unknown Vibrio isolates were firstly screened by the McAbs specific 
to the genus Vibrio. The positive strains were further                               
characterized by species-specific McAbs. In the blind tests, the only 
questionable diagnosis involved a V. vulnificus strain. Immunological               
testing of this isolate produced an extremely strong V. vulnificus                                        
identification. Although the other laboratories gave V. harveyi as the                    
most probable identification of the isolate, V. vulnificus was also                        
given as a highly probable identification. Further tests are required                    
to confirm its correct identification but additional support for                      
diagnosis of V. vulnificus came from the testing of a V. vulnificus                       
isolates from other sources. 
 
The McAbs that cross-reacted with closely related Vibrio species                       
indicated the existence of antigens common to the related species                    
(Appendix 1). Cross-reactivity with very closely related antigenic                    
substances is well known (Bibel, 1988). For example, V. anguillarum                    
2628 shared sate cross-reactions with V. ordalii in conventional testing                   
and in ELISA. When further cross-screening, McAbs raised to V. ordalii 
strongly recognized V. anguillarum Danish serotype O2. Therefore, the                 
strain 2628 may be an atypical V. anguillarum or V. ordalii. Another                   
example was that V. parahaemolyticus and V. alginolyticus were found to               
have a common H-antigen (Baumann, et al., 1984). In the current                    
research, 48% McAbs that were prepared against V. alginolyticus cross-  
reacted with V. parahaemolyticus. All McAbs that cross-reacted with V. 
parahaemolyticus were found to react with heat-labile surface antigens,                
thus providing evidence that the antigens v flagellar H-antigens.                       
Results of immunoblotting showed that the flagellar preparations of                      
these two vibrios were recognized by the same McAbs (Fig. 3.3). The 
relationship of H-antigen within several Vibrio species has been                  
confirmed (Stein et al., 1984; Baumann et al., 1984). These Vibrio                      
species all show swarming growth on SWA medium but appear as different 
coloured colonies on TCBS agar. V. parahaemolyticus 2 was renamed V. 
alginolyticus in 1980s (Skennan et al., 1980). 
 
As mentioned in section 3.2.3.2, one particular McAb, F11P411F,                   
recognized nearly all Vibrio strains, their extracted LPS and a single              
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common 15,000 D fragment of the LPS. This finding implies that members              
of the genus Vibrio have a common epitope on their surfaces. A                
polyclonal antibody made against the common LPS fragment reacted                 
strongly with this LPS fragment itself and also reacted strongly with the 
extracted LPS, as well as live and sodium azide killed vibrios.                                 
The data reinforced the existence of a common antigenic fragment of LPS 
shared by all species of Vibrio. 
 
Cross-reactions of McAbs with members of the genera of the family 
Vibrionaceae were found. As some McAbs reacted with a few strains of 
Aeromonas and Photobacterium as well as most Vibrio strains, it is                   
possible that a common epitope is shared by these genera. With the                
exception of McAb, F6P13G, no McAbs produced against vibrios cross-       
reacted with Plesiomonas. Finally, one McAb cross-reacted with all               
strains of Vibrionaceae as &ell as other gram-negative bacteria. The 
significance of this is yet to be determined. 
 
3.4   Summary 
 
A number of McAbs against Vibrio species pathogenic to humans, fish and 
shellfish have been developed for the application in rapid                         
identification of pathogens, including V. alginolyticus, V. anguillarum,                    
V. carchariae, V. cholerae, V. damsela, V. furnissii, V. harveyi, V.                    
ordalii, V. parahaemolyticus and V. vulnificus. They were grouped into              
three broad types of McAb, i.e. those reacting with a only single                       
species, a considerable number reacting with several of the Vibrio                    
species and three reacting with almost all Vibrio species. The last                  
group of three McAbs did not react with other members of the family 
Vibrionaceae, i.e. Aeromonas, Photobacterium and Plesiomonas or any              
other gram-negative bacteria, representing a wide range of genera. This 
indicated the possible existence of an antigenic determinant common to                    
all Vibrio species. One of these three McAbs reacted with the heat-                   
stable antigenic determinants of Vibrio species and extracted LPS of               
several Vibrio species. There was clear evidence that McAbs that                      
reacted with LPS also recognized heat-stable bacterial surface antigens.                    
In the blind tests and diagnosis of clinical isolates, three different                     
types of bacteria, i.e. live, formalin-fixed and sodium azide killed                   
bacteria, were detected by particular McAbs and consistent results were 
obtained for all three types of bacteria. These findings also gave                  
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evidence that the nature of the antigen component common to V. 
parahaemolyticus and V. alginolyticus is the flagellar H-antigen.                        
Finally, it was shown that the genus-specific McAbs will be useful for                
large-scale screening of acute infections of vibrios while species or                  
strains specific McAbs might be useful for rapid clinical diagnostic                     
work. 
 93
CHAPTER FOUR 
 
AN UNUSUAL HYBRIDOMA PRODUCING MONOCLONAL ANTIBODIES AGAINST  
VIBRIO VULINIFICUS: SECRETION OF TWO DIFFERENT ISOTYPICAL  MCABS 
 
 
4.1   Introduction to V. vulnificus 
 
The marine bacterium, V. vulnificus was first described in 1976 as a            
pathogen of human wound infection which was characterized by oedema and 
ulcer formation on the skin of limbs (Blake et al., 1979). Since then,                      
a number of other human infections attributed to V. vulnificus have been 
recognized and these include bacteriemia, primary septicemia,               
gastroenteritis, pneumonia, meningitis, keratitis and endometritis                      
(Blake et al., 1979, 1980; Tison et al., 1984; Bryant et al., 1987;                          
Morris, 1989). Wound infections were generally acquired from exposure                 
to sea water or marine animals, while other internal infections, such as             
septicemia were most commonly associated with the consumption of raw or 
uncooked fish or shellfish (Blake et al., 1979; Johnston et al., 1985,                    
1986). The pathogenesis of V. vulnificus may be related to an                   
extracellular cytolysin (Gray et al., 1985, 1989), the ability to resist 
phagocytosis (Tamplin et al., 1985) and other factors (Simpson et al.,                     
1987). Recently, a middle-aged woman, ate oysters in Sydney and died              
within a day from oedema and septicemia caused by V. vulnificus              
(Fernandes, Royal North Shore Hospital, Sydney, pers. comm.). It took           
several days of conventional testing to identify the infected bacterium                     
as V. vulnificus.  This is not uncommon as V. vulnificus is often                  
difficult to culture, let alone, identify. 
 
As result of the need for a simple and rapid diagnostic test for V.                 
vulnificus, research was carried out to develop McAbs capable of                  
identifying V. vulnificus in infectious diseases and also monitor the                     
level of V. vulnificus contamination in commercial sea foods. The                   
present study characterizes a hybridoma produced against V. vulnificus,               
and which has the unusual property of secreting both µ (1gM) and γ                
(IgG2b) heavy chains but only a single κ light chain. 
 
4.2   Materials and methods specific to isotyping determination of 
McAbs 
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Bacterial isolates 
 
An isolate of V. vulnificus (Sweden) was obtained from the Karolinska 
Institute, Department of Clinical Bacteriology, Huddinge University                  
Hospital, Huddinge, Sweden, and was used to produce hybridomas. It was            
also used as a homologous strain in screening assays. Other strains of                        
V. vulnificus together with other marine vibrios and gram-negative                   
bacteria were employed for heterologous screening assays (see section               
2.1 for the sources of the strains). 
 
Bacterial culture 
 
All Vibrio strains used in the present research were cultured in SWA and              
then TCBS. The identifications of V. vulnificus were confirmed using 
conventional biochemical tests described in chapter 2 (see section 2.4). 
 
Production of hybridomas 
 
The procedures for production of hybridomas were the same as section                
2.5. 
 
Recloning 
 
Isotyping results indicated that 2 out of the 9 hybridomas against V.             
vulnificus appeared to produce two different antibodies (Appendix 1).               
One of the two hybridomas, F31P46B1C3E, was selected, recloned and 
isotyped again. To eliminate the possibility that the unusual hybridoma 
designated as F31P46B1C3E represented more than one clone, repeated 
clonings of the hybridoma were carried out. However, limiting dilutions             
were increased to give cell densities of 0.5 cell/well, followed by 0.1                        
cell/well, in comparison with standard cloning procedures that produced                    
a cell density of 1 cell/well. Subclones were then taken at random and             
isotyped using a Bio-Rad isotyping kit, Amersham typer dip-sticks and 
Ouchterlony gel double diffusion. 
 
The procedures for purification of McAbs are described in section 2.8. 
 
4.3   Results 
 
4.3.1.1 McAb isotype determination 
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The results of the three isotyping methods are shown in Fig. 4.1 and 
summarisied in Table 4.1. 
 
Bio-Rad isotyping kit 
 
As shown in the Fig. 4.1.a, tissue culture supernatants of F31P46B1C3E 
constantly showed 1gM, IgG2b and κ light chain activities by the Bio-Rad 
isotyping kit. Subclones from plates that were dispensed at densities                       
of 0.5 cell/well and 0.1 cell/well cell densities were isotyped; 11 from             
the first and 7 from the latter. All the subclones isotyped showed the                
same results. The possibility of natural serum immunoglobulins existing                  
in normal culture medium and effecting the results necessitated                      
isotyping with hybridoma supernatants from Monomed serum-free medium. 
The results shown in Fig. 4.1.a indicated the presence of both µ and γ                 
heavy chains and, κ light chain activities. 
 
Amersham typer dip-sticks 
 
The isotyping of McAb F31P46B1C3E using Amersham typer dip-sticks 
detected an 1gM heavy chain and κ light chain, but failed to identify                 
IgG2b (Fig. 4.l.b). 
 
Ouchterlony gel double diffusion 
 
Ouchterlony gel double diffusion was performed against anti-mouse serum 
versus supernatants of the hybridoma F31P46B1C3E grown in Monomed serum-
free medium and then precipitated by 100% saturated ammonium sulphate 
solution (section 2.8). Result of Ouchterlony gel double diffusion was an              
1gM precipitin line which appeared after 24h, and an additional IgG2b                
line which appeared after 72h (Fig. 4.1.c1). 
 
4.3.2   Separation and purification of McAbs 
 
Chromatographic techniques were employed to determine whether the 
hybridoma produced one or two different monoclonal subclasses. The 
purification of mouse McAbs from Monomed serum-free medium and immune 
ascites was performed by three methods utilizing a Pharmacia FPLC system 
under the control of FPLC Manager software. The relative amounts of           
antibody activity in each of the collected fractions were monitored by 
performing   serial   dilutions   on   the   fractions  and   subsequently   analysing  
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Fig. 4.1. Isotype determination of McAb F31P46B1C3E, recognizing V. 
vulnificus. (a), the Bio-Rad isotyping kit; (b), the Amersham typer                                        
dip-sticks; and (c) Ouchterlony gel diffusion in which (c1) 1gM and                         
IgG2b from F31P46B1C3E supernatant; (c2) 1gM from gel filtration peak 1;     
and (c3) IgG2b from gel filtration peak 2. 
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Table 4.1. Identification of the isotypes of McAbs from hybridoma 
F31P46B1C3E and its subclones, using three different isotyping methods. 
 
 
 
them using the AP-ELISA method. Fractions were also isotyped by a Bio-           
Rad kit and Ouchterlony gel double diffusion. 
 
The different fractions of gel filtration were isotyped by Ouchterlony                    
gel double diffusion; the peak 1 represented 1gM (Fig.4.1.c2) while                
peak 2 represented IgG2b (Fig. 4.1.c3). Similar results were obtained             
from fractions of a Protein A Sepharose separation. However, the                   
fractions from Mono-Q ion-exchange chromatography were not separated so 
that Ouchterlony gel double diffusion was not performed on these                
fractions. 
 
Affinity chromatography on Protein A Sepharose 
 
As Protein A had no affinity for murine 1gM, but a strong affinity for                
IgG2b, it was reasoned that if the column capacity was not exceeded, it              
should be possible to definitively separate two McAb’s molecules.  Two separate 
peaks (Fig. 4.2); the first at 4min and the second at 18min,                      were 
eluted from the Protein A Sepharose HR 10/2 column. Fig. 4.2             indicated 
that most of the activity in the ascites eluted from the                    Protein A 
column was present at peak 1. When isotyping using the Bio-        Rad kit and 
Ouchterlony gel double diffusion, the first peak was found                   to 
correspond to 1gM activity while the second peak correspond to IgG2b activity. 
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Fig . 4.2. Protein A Sepharose affinity chromatography purification of             
McAbs from hybridoma F31P46B1C3E. Elution of clarified ascites using a 
Pharmacia Protein A Sepharose HR 10/2 column. Sample loop 500µL. Flow 
rate 500µL/min. Buffer A, binding buffer; buffer B, 100mM pH 6.0 citric            
acid; buffer C, 100mM pH 3.0 citric acid; —, the UV detection of                
fractions; and ●—●, ELISA activity. 
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Gel filtration 
 
Gel filtration gave two separate peaks (Fig. 4.3); the first at 30min                     
and the second at approximately 55min. The fractions from both peaks                   
showed strong reactivites with V. vulnificus in ELISA. The first was             
isotyped as 1gM and the second as IgG2b by the Bio-Rad kit and             
Ouchterlony gel double diffusion (Fig. 4.1.c2 and c3). The results of                     
gel filtration (Fig. 4.3) were similar to that of Protein A Sepharose                    
affinity chromatography (Fig. 4.2). The two techniques provided a                   
definite separation of 1gM and IgG2b McAb’s molecules. 
 
Mono-Q ion-exchange chromatography 
 
Mono-Q ion-exchange chromatography showed the elution of a large peak         
(Fig. 4.4). In ELISA, the peak containing the McAb was typed as an 1gM                 
by a Bio-Rad isotyping kit and Ouchterlony gel double diffusion. 
 
4.3.3   Separation of F31P46BIC3E McAbs by electrophoresis 
 
4.3.3.1  SDS-PAGE gel electrophoresis 
 
SDS-PAGE of an antibody preparation was performed according to the                
method of Laemmli (1970) using a 4.5% stacking gel and a 6 % separating              
gel (section 2.10.1). As shown at Fig. 4.5 (lanes G and H), the               
F3IF46B1C3E antibodies did not enter the gel although the gel             
concentrations were as low as 4.5% and 6%. However, all the IgG 
immunoglobulins (lanes A, B and C) and molecular weight standards (lanes            
D and F) entered the gel. 
 
4.3.3.2  Agarose gel electrophoresis 
 
As the unusual McAb, F31246B1C3E, did not enter SDS-PAGE gel, a modified 
vertical agarose gel electrophoresis was performed using a Bio-Rad mini 
protean II system utilizing a 2mm thick gel of 1% (w/v) agarose               
(Pharmacia, Code No. 17055402). A Tris-glycine reservoir buffer system 
replaced the Tris-barbitone buffer. Samples were diluted to 1:4 in                     
sample loading buffer and 20µL aliquots were loaded onto the gels. For 
electrophoresis, F31P46B1C3E McAb was loaded on lanes A, B, G, H, I and            
J.   The   high   molecular   weight   range   pre-stained  standards,  IgG2b,  1gM 
 100
 
 
 
 
 
 
 
 
 
 
Fig. 4.3. Gel filtration purification of McAbs from hybridoma              
F31P46B1C3E. Elution of clarified ascites from a Pharmacia Sepharose 12            
HR 30/10 column, using a column buffer of 0.32M NaC1 in 0.01M Tris-HC1,          
at pH 8.3. Sample loop 100µL. Flow rate 250µL/min. —, the UV              
detection of fractions; and ●—●, ELISA activity. 
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Fig. 4.4. Mono-Q ion-exchange chromatography purification of McAbs from 
hybridoma F31P46B1C3E. Elution of clarified ascites from a Pharmacia           
Mono-Q HR5/5 column, using buffer A: 20mM Tris-HC1, at pH 7.6. buffer B: 
20mM Tris-HC1 plus 0.5M NaC1, at pH 7.6. Sample loop 100µL. Flow rate 
500µL/min. Flow conditions: 0% B for 0-6min; linear 0-45% B gradient               
for 6-30min; 45% B gradient for 30-35min; linear 45-100% B gradient for                
35-40min; 100% B gradient for 40-45min; 0% 45-60min. —, the detection           
of fractions; and ●—●, ELISA activity. 
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Fig. 4.5. SDS-PAGE; of F31P46B1C3E McAbs, recognizing V. vulnificus. 
Lanes A, B and C, known IgG2b, IgGi and IgG3 McAbs, respectively; D,           
high molecular weight range pre-stained standards (Bio-Rad); E , sample      
buffer; F, high molecular weight standards; G and H, F31P46B1C3E McAbs. 
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and IgG2b-1gM mixture re loaded on Lanes C, D, E and F, respectively.             
The gels were run at 75mA constant current for 3.5h. Silver staining                   
was performed on agarose gels, but the stained bands were diffuse, thus           
making comparisons difficult. 
 
4.3.3.3  Immunoblotting of McAb preparation 
 
Immunoblotting was performed according to the method of Towbin et al.,             
(1979). Following agarose gel electrophoresis, separate proteins were 
transferred onto nitrocellulose membrane at a 30V constant voltage             
overnight using a mini protean II system (Bio-Rad). Heavy chains µ and                
γ were identified by subjecting the separated proteins to immunoblotting 
experiments as described in sections 2.10 and 2.11. This resulted in                        
the antibodies 1gM and IgG2b being identified (Fig 4.6, lanes I and J). 
However, when the separated protein bands were reacted with HRP-goat              
anti-mouse Ig (Fig. 4.6 lanes from D to J), both 1gM and IgG2b were   
visualized on the nitrocellulose membrane sheets. Only a single 1gM                 
band (Fig. 4.6 lanes A and B) could be seen when an anti-mouse µ-chain 
specific alkaline phosphatase conjugate was employed. 
 
Results (Fig. 4.7) of another immunoblotting experiment are shown. An          
anti-mouse 1gM conjugate and IgG biotin-avidin system gave further 
indications that two different McAb’s molecules, i.e. 1gM and IgG2b were 
produced. When immunoblotting, Lanes A and B reacted with anti-mouse-  
1gM conjugate, while lanes D to J reacted with biotin-avidin system.                    
There were no conflicting results shown in Figs. 4.6 and Fig. 4.7. 
 
4.3.4   Cross-reactions of F31P46B1C3E McAbs against a wide range of 
bacteria 
 
From fusion 31, a total of 9 hybridomas were found in homologous ELISA             
to be positive to V. vulnificus (section 3.2.3 and Appendix 1). These 9 
hybridomas were negative to a series of bacteria which included members               
of the family Vibrionaceae, viz. species of the genera Vibrio, Aeromonas                
and Photobacterium, together with a selection of enteric gram-negative    
bacteria. The McAb, F31P46B1C3E, was found to react strongly with V. 
vulnificus strains and cross-react weakly with only a few strains of                  
Vibrio, particularly V. splendidus. It did not cross-react with                    
Aeromonas, Photobacterium and other gram-negative bacteria (Table 4.2              
and Appendix 1). 
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Fig. 4.6. Immunoblotting using specific antibody conjugate with McAbs 
recognizing V. vulnificus, following agarose gel electrophoresis. Lanes                  
A, B, G, H, I, and J containing F31P46B1C3E McAbs; C, high molecular 
weight range pre-stained standards (Bio-Rad); D, IgG2b control; E, 1gM 
control; and F, IgG2b and 1gM control mixture. 
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Fig. 4.7. Immunoblotting using a biotin-avidin system with McAbs            
recognizing V. vu1nificus, following agarose gel electrophoresis. Lanes                       
A, B, G, H, I , and J containing F31P46B1C3E McAbs; C, high molecular 
weight range pre-stained standards (Bio-Rad); D, mouse-µ heavy chain      
control; E , 1gM control; and F, IgG2b and 1gM control mixture. 
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Table 4.2. ELISA cross-reactions of F31P46B1C3E McAb and its subclones 
recognizing V. vulnificus. 
 
 
#,    Bacterial sources and codes are listed in section 2.1. 
*,    F31P46BIC3E McAb and its subclones, i.e. F31P46B1C3E3H,   
       F31P46B1C3E4B, F31P46B1C3E4H, F31P46B1C3E5A   
       F31P46B1C3E7A, F31P46B1C3E4B, and F31P46B1C3E4H. 
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4.3.5   Diagnostic testing of clinical Vibrio isolates 
 
McAbs, F31P46B1C3E, against V. vulnificus were used to identify                 
clinical, marine and fresh water isolates of V. vulnificus (Table 4.2).              
Positive identifications of 10 out of the 11 V. vulnificus strains used                              
in the present research showed their usefulness in diagnostic                         
situations. It is not known why the strain 3060 was not recognized by                   
the McAb. Two of these strains, 11308 and 11309, were originally                   
isolated from a V. vulnificus-infected patient in the Royal North Shore             
Hospital, NSW. V. vulnificus 11309 was strongly recognized by specific 
McAbs while strain 11308 reacted widely with McAbs raised to other              
Vibrio species. Both 11308 and 11309 were also checked by morphological           
and biochemical tests. Both strains were haemolytic and oxidase                     
positive. These strains showed different growth patterns on TCBS.                  
Sucrose-fermenting strain 11308 had yellow colonies whereas colonies of 
11309 strain were green. It is reasonable to say that strain 11309 was                         
V. vulnificus but strain 11308 would appear to be a different Vibrio                 
species. The remaining V. vulnificus strain, 3060, may be an atypical                          
or closely related Vibrio species. As shown in Table 4.2, F31P46B1C3E                
McAb and its subclones appeared to react strongly with V. vulnificus. 
 
4.3.6   Recognition of surface antigens of V. vulnificus by McAb 
F31P46BIC3E 
 
The F31P46BIC3E McAbs were determined to recognize heat-labile bacterial 
antigens. When a V. vulnificus bacterial suspension was heated to 100°C                 
for 2h, the McAbs failed to recognize the V. vulnificus cells,                          
presumably the antigens were proteins. 
 
4.4   Discussion 
 
As a control to ensure that the cloning procedure had indeed produced             
McAbs and to determine the appropriate strategy for the purification of                   
the immunoglobulins from ascites, each clone was isotyped by 2 different 
methods. Both the Amersham isotyping kit and Ouchterlony gel double 
diffusion test detect the presence of different isotypes in serum-free               
medium, irrespective of whether or not they recognize an epitope on the              
surface of the antigen. The Bio-Rad isotyping kit, however, only            
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determines the isotypes of immunoglobulins specific for antigens present                
on the surface of the bacteria. 
 
The isotyping results for F31P46B1C3E were highly unusual. Repeated 
attempts at using the Amersham stick (Fig. 4.1.b) consistently gave a               
single 1gM band but failed to indicate a band for IgG2b. The Bio-Rad                   
kit however produced intense colour changes for both 1gM, IgG2b and also               
κ light chain (Fig. 4.1.a). With the Ouchterlony system, a time delay                       
for the appearance of the IgG2b precipitin line (Fig. 4.1.c1) was                 
consistently observed. Whereas the anti-IgM precipitin line was                     
observed after incubation at RT after 24h. An additional three days was              
required before a faint IgG2b precipitin line appeared. 
 
SDS-PAGE of F31P46B1C3E in serum-free medium indicated that the secreted 
McAb failed to enter a stacking gel as low as 4.5%. This result                       
indicated that the hybridoma was not producing a distinct 1gM and a                 
distinct IgG2b immunoglobulin. However, it did not rule out the                    
possible production of an IgM-IgG2b complex, if a distinct IgG2b was 
produced, a band corresponding to a molecular weight of 160,000 D was 
expected. Since this was not the case the results obtained from SDS-                 
PAGE were consistent with the secretion of either an intact 1gM or      
alternatively an IgM-IgG2b complex. 
 
Agarose gel electrophoresis was employed in an attempt to ascertain                       
whether a number of high molecular weight forms of the immunoglobulins  
were being produced. The experiment provided evidence, after  
immunoblotting, that there were two bands produced by McAb F31P46B1C3E . 
The data indicated that these corresponded to 1gM and IgG molecules, as              
their molecular weights were 900,000 and 160,000 D, respectively.                  
Similar results was obtained by using heavy chain and whole molecule of                  
Ig specific second antibodies, as well as biotin-avidin system. The                        
results showed the McAb F31P46B1C3E probably secreted a distinct 1gM and       
a distinct IgG2b (Fig 4.6 and 4.7) because the two separate bands              
corresponded to 1gM and IgG. This was observed by using anti-mouse               
whole Ig and biotin-avidin system. The one band with 1gM was detected                
while using anti-mouse µ-chain and anti-mouse-IgM antisera. Two               
antibodies were also observed in Ouchterlony gel double diffusion and          
Bio-Rad kit using either serum free culture supernatant or gel                         
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filtration fractions. However, a weak band was also detected by anti-              
mouse 1gM subclass antiserum thus indicating the presence of 1gM heavy  
chain sharing a common epitope with IgG2b heavy chain. 
 
Although Mono-Q ion-exchange chromatography failed to separate the two 
McAb’s molecules, Protein A Sepharose affinity chromatography and gel 
filtration of F31P46B2C3E MAbs gave a definite separation of two peaks,              
in which the ELISA activities represented 1gM and IgG2b, respectively. 
 
The possibilities exist that: (a) the hybridoma produced 2 distinct 1gM                  
and IgG2b McAbs, (b) the hybridoma produced an IgM-IgG2b McAb’s complex  
or (c) an 1gM McAb which produced heavy chain sharing epitope for IgG2b. 
 
4.5   Summary 
 
McAb, F31P46B1C3E, having both µ and γ heavy chains with a single κ             
light chain has been characterized. This McAb was prepared by fusing 
splenocytes, derived from a Balb/c mouse immunized with V. vulnificus,       
and SP2/O-Ag-14 mouse myeloma cells. The specificity of this McAb was 
determined by screening a large number of homologous and heterologous 
bacterial strains by ELISAs. 
 
To ensure monoclonality, the hybridoma cells were finally cloned by             
limiting dilution at an average cell density of 0.1 cell/well.                         
Hybridoma supernatants were isotyped by Ouchterlony gel double               
diffusion, Bio-Rad isotyping kit and Amersham Typer dip-sticks.                   
Isotypes 1gM and IgG2b were determined in the first two methods. 
 
A series of elution fractions purified from ascites by gel filtration,                            
Protein-A Sepharose and Mono-Q cation exchange column chromatography 
were also tested by the three isotyping methods and two of them                   
confirmed the presence of two immunoglobulin products. Agarose gel 
electrophoresis and immunoblotting indicated two antibody bands with 
molecular weights of approximately 900,000 and 160,000 D. Therefore the 
possibilities are that this hybridoma secretes two separate                
immunoglobulins, 1gM/κ and IgG2b/κ, produces a combined immunoglobulin 
complex, e.g. IgM-IgG2b/κ or that 1gM shares small epitopes with IgG2b               
on their heavy chains are not excluded. 
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CHAPTER FIVE 
 
ATTACHMENT OF VIBRIO ANGUILLARUM AND VIBRIO ORDALII FISH CELLS 
 
5.1  Introduction to Vibrio attachment to trout cells 
 
Vibriosis induced by the marine bacterium, V. anguillarum, was first               
described as an outbreak of disease in eels from the Baltic Sea by                  
Bergman in 1909. This disease was characterized by the appearance                      
of bloody lesions in the musculature of the infected fish (Pacha et al.,                     
1969). A number of vibrios have now been reported to be associated with                
fish infections (Austin et al., 1987). Amongst these, V. anguillarum                       
and V. ordalii were reported as important pathogens to fish (Evelyn,                      
1971 ; Schiewe, et al., 1981; Egidius et al., 1986). 
 
Adherence of V. cholerae O1, non—Ol and V. parahaemolyticus to human and 
rabbit small intestine has been observed in vitro (Pierce et al., 1985;                 
Gustafsson et al., 1985; Teppema et al., 1987; Yamamoto et al., 1988,                      
1989; Nakasone et al., 1990). It was believed that adherence of V.                     
cholerae to intestinal mucosa was a necessary step in the pathogenesis                      
of cholera (Pierce et al., 1985, 1987, 1988) although it was considered                      
as a noninvasive bacterium. 
 
However, it is not known if attachment of Vibrio to fish cells is                        
necessary in the pathogenesis of fish. This chapter reports on evidence                      
that the fish pathogens V. anguillarum, V. ordalii and V.                     
parahaemolyticus (Menasveta, 1985; Lightner et al., 1990; Biosca and                 
Amaro, 1991) attach to different tissues of rainbow trout and that McAbs               
specific to the pathogens inhibit attachment of the bacteria. 
 
5.2  Materials and methods specific to attachment studies 
 
5.2.1  Bacterial strains 
 
V. anguillarum AFHRL 1 was obtained from the Australian Fish Health  
Reference Laboratory, CSIRO, Geelong. Strains V. alginolyticus ACMM                    
101, V. carchariae ATCC 35084, V. damsela ATCC 33537, V. harveyi ACMM 
130 and V. ordalii ATCC 33509 were supplied by the Australian Collection         
of Marine Micro-organisms at the Sir George Fisher Centre for Tropical              
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Marine Studies, James Cook University of North Queensland, Townsville.  
Strains V. cholerae Inaba 569B, V. cho1erae non-Ol V3, V.             
parahaemolyticus FC1011 and V. vulnificus were obtained from the               
Karolinska Institute, Department of Clinical Bacteriology, Huddinge               
University Hospital, Sweden, and V. anguillarum serotypes O1 to O10 was 
supplied by the Institute of Hygiene and Microbiology, Royal Veterinary                 
and Agricultural University, Denmark. All Vibrio strains were grown on                   
Luminous medium, developed from the basic medium of Reichelt and Baumann           
(1973) by the addition of 5g/L tryptone and 5g/L yeast extract (section 2.2). 
 
5.2.2  Fish cell-lines: sources and cultivation 
 
A rainbow trout gonad cell-line (RTG2) was provided by the Australian               
Fish Health Reference Laboratory, CSIRO, Geelong. Cultures of fish                  
cells were grown in Minimum Essential Eagle medium (MEM, Cytosystems) at 
22°C in humidified air containing 3% CO2. 
 
In preparing cultured RTG2 cells for immunofluorescent tests, the                      
culture medium was discarded from a culture flask and the remaining cell                  
monolayer washed with 50mM PBS at pH 7.4. The cell monolayer was then 
removed by addition of 5mL of 0.25% (w/v) trypsin (Cytosystems) in PBS                 
at 7.4, for 2min. The trypsinised cells were centrifuged for 3min at                        
100 x g and then resuspended at a density of 1 x 105 cells/mL in pre-                 
warned fresh medium. A 50µL sample of the cell suspension was diluted                   
in 0.5mL medium, poured onto a clean sterile 22 x 22mm coverslip                          
(Mediglass No. 1), and then placed in a sterile petri dish. After                         
15min, 5mL of pre-warmed fresh medium was gently added. The cells were              
then incubated as above to produce a near confluent layer after 5 days. 
 
5.2.3  Preparation of smears of rainbow trout tissues 
 
Rainbow trout (Oncorhynchus mykiss) of approximately 3cm length were 
obtained from a Victorian hatchery, stunned and then frozen at -70°C.                        
In preparing smears of cells from different tissues, frozen fish were                       
firstly rinsed with 0.9% (w/v) NaCl and then soaked for 15min in 0.9%                   
(w/v) NaCl containing 20% (w/v) streptomycin (Glaxo). Skin, gills,                    
muscle, oral mucosa and gut cells were smeared onto clean slides and                          
after air drying, fixed in 2% (v/v) formalin (BDH) at RT, for 15min.                             
The slide preparations were stored at -70°C until required. 
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5.2.4  Cross section of juvenile rainbow trout 
 
Cross sections of the whole fish were prepared from juveniles stored for                     
up to 2 weeks at -70°C. The fish were transferred to liquid nitrogen                          
for 10min prior to sectioning. Frozen sections of 10µm thick were then                      
cut using a Cryocut E cryostant (Reichert Jung) and placed on clean                        
slides. The sections re fixed in 2% (v/v) formalin and then stored at                          
-70°C until used in immunofluorescence tests. Additional cross sections                      
of whole fish were double stained with haematoxylin and eosin for use in 
identification of tissues. 
 
5.2.5  McAbs used in attachment studies 
 
McAbs had been developed in this laboratory against a wide range of                  
Vibrio species pathogenic to humans and fish (sections 2.5 and 3.2.3).                        
The major McAbs used in the present study, designated as F13P13F,                  
F18P66C, F6P55C and F7P511C, were species-specific in reacting with V. 
anguillarum, V. ordalii, V. parahaemolyticus FC1O11 and V. cholerae O1, 
respectively. The McAbs designated as F15P12B, F24P56G, F23P11C, 
F12P411E, F31P46F, were species-specific in reacting with V.                        
alginolyticus, V. carchariae, V. damsela, V. harveyi and V. vulnificus.                   
However, another McAb, F11P411F, that reacted with most Vibrio species,              
was used when a species-specific McAb was unavailable. 
 
5.2.6 Attachment of Vibrio to fish cells 
 
5.2.6.1 Attachment to fish cultured cells 
 
Fish cells grown on coverslips were fixed in 2% (v/v) formalin and then         
washed twice in PBS. A l00µL Vibrio suspension containing 1 x 108                  
cells/mL at the stationary phase was added to the fixed fish cells and                    
incubated at RT, for 45min. After three washes with PBS, a McAb               
recognizing the bacterium was added to the fish cells and then incubated                      
at RT, for 45min. After another three washes in PBS, l00µL of 1:40 goat                
anti-mouse FITC-conjugate (Silenus) was added to the cells for 45min, at                  
RT.  After another three washes in PBS, the cells were mounted in PBS 
containing 90% (v/v) glycerol and 4% (v/v) propyl gallate. The                        
attachment of vibrios to fish cells were initially examined under phase                
contrast and then FITC-immunofluorescence microscopy using a Zeiss 
epifluorescent system. 
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5.2.6.2  Attachment to smears of various fish tissues 
 
For attachment of Vibrio to smears of fish, prepared slides were                                    
removed from the freezer, washed three times in PBS. The rest of the              
procedure was the same as that used in section 5.2.6.1. 
 
5.2.6.3  Attachment to cryostat sections of whole fish 
 
This section was similar to the section 5.2.6.2 except in the                       
preparation of the samples. 
 
The procedures for studying attachment of bacteria to smear of trout                     
tissues and cryostat sections of trout were the same as those followed                        
for cultured trout cells. Controls followed the same procedures except                   
that bacteria were not included in one control and several isotypic                          
McAbs were used in others. 
 
5.2.7  Inhibition of attachment by McAbs 
 
Inhibition tests were based on the procedures for studying Vibrio                  
attachment. Each test was carried out by initially mixing lmL of a 1 x                       
108 cells/mL of a stationary phase Vibrio suspension with lmL of                 
supernatant, containing McAbs that recognized only the Vibrio species                  
being tested. The mixture was incubated at RT, for 45min, then                   
centrifuged at 13,000rpm for 1min in a bench centrifuge (MSE, Micro                 
Centuar). The supernatant was discarded and the pelleted bacteria were             
washed three times with PBS before they were resuspended in 2mL of PBS.               
The Vibrio suspension was then poured onto the fish cells and incubated                 
at RT for 45min. After another three washes with PBS, l00µL McAb            
supernatant was added to the cells and incubated at RT for 45min.                          
Following three more washes with PBS, l00µL 1:40 goat anti-mouse FITC- 
conjugate was added and the fish cells incubated for 45min at RT. After             
further washes, the cells were mounted in PBS containing 90% (v/v)                   
glycerol and 4% (v/v) propyl gallate, and then examinated under FITC- 
immunofluorescence microscopy. 
 
5.2.8 Titration of attachment-inhibiting McAbs 
 
In order to determine the effective titre of McAb for inhibition of                     
bacterial attachment, the McAb supernatant was diluted with PBS to 1:2,            
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1:4, 1:8, 1:16, 1:32, 1:64 and 1:128. A l00µL aliquot of each diluted                       
McAb was mixed with an equal volume of 1 x 108 stationary phase Vibrio 
suspension and then incubated at RT for 45min. Each mixture was added                     
to cultured trout cells and incubated at RT for 45min. After further                     
washes and incubation with goat anti-mouse FITC-conjugate the cells were            
examined by epifluorescence microscopy. 
 
A cross inhibition test between different species was carried out by                  
mixing a 200µL volume of V. anguillarum, containing 1 x 108 cells with                  
an equal volume of undiluted McAb, Fl8P66C, which was specific to V.                
ordalii. After 45min incubation at RT, the mixture was poured onto fish                  
cells for 45min at RT. Following three washes with PBS, l00µL of                 
undiluted McAb, F13P11F, specific to V. anguillarum was added to the                 
cells. After another three washes, a l00µL of goat anti-mouse FITC-               
cojugate, diluted 1:40, was added for 45minm at RT before the               
preparations were mounted and examined by epifluorescence microscopy. 
 
5.3  Results 
 
As shown in Table 5.1, the three Vibrio species, V. anguillarum, V.                       
ordalii and V. parahaemolyticus, were found to attach to fish cells.                        
The other Vibrio species did not appear to attach to the trout cell             
preparations. 
 
5.3.1  Vibrio attachment to culture cells 
 
The cultured RTG2 rainbow trout cells were clearly identified under                     
phase contrast (Fig. 5.la). Evidence for the attachment of V.                       
anguillarum, V. ordalii and V. parahaemolyticus to the surface of the                  
RLG2 cells came from the strong FITC-immunofluorescence of attached             
bacteria. Fig. 5.lb indicates positive attachment of V. anguillarum to                          
the cultured RTG2 rainbow trout cells. Controls showed no FITC- 
immunofluorescence as did the tests with other vibrios. 
 
5.3.2  Vibrio attachment to smears 
 
V. anguillarum, V. ordalii and V. parahaemolyticus attached to cells                       
from smears of several tissues, including skin, gills, muscle, oral                            
mucosa and gut. An example of a skin smear seen under phase contrast 
microscopy   is   shown   in   Fig.   5.2a.   Scales  were  prominent.  Strong  FITC- 
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Table 5.1. Results of attachment of Vibrio pathogens of fish                                       
and shellfish to rainbow trout tissues. 
 
 
 
*,   V. salmonicida, known as pathogen of fish, was not studied as                                        
the laboratory did not hold this species. 
#,    Bacterial sources are listed in section 2.1. 
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Fig. 5.1. Attachment of V. angui11arum to cultured gonad cells of                      
rainbow trout as determined by FITC-immunofluorescence. (a) phase                 
contrast, and (b) FITC-immunofluorescence.   x 400. 
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Fig. 5.2. Attachment of V. anguillarum to the scale of rainbow trout as              
determined by FITC-immunofluorescence. (a) phase contrast, and (b)                    
FITC-immunofluorescence. x 100. 
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immunofluorescence of V. anguillarum adhering to the scales is shown in               
Fig. 5.2b. V. anguillarum attaching to the gill cells of the rainbow                     
trout was observed (Fig. 5.3). Other Vibrio species did not appear to                          
attach to the cell of the smears of different tissues. 
 
5.3.3  Vibrio attachment to cryostat sections of whole fish 
 
Figure 5.4a shown part of a cryostat cross section through the mid-body                  
region of a fish as seen under phase contrast microscopy. In general,                  
the FITC-immunofluorescence of attached bacteria was localised to the                   
skin layer and not the underlying muscles. Fig. 5.4b indicates positive              
attachment of V. anguillarum to a cryostat section of rainbow trout.  V.                  
ordalii and V. parahaemolyticus showed positive attachment but other                 
vibrios did not appear to attach to trout tissues. 
 
5.3.4  Cross-inhibition tests 
 
When either V. anguillarum strain AFHRL 1 or V. anguillarum serotype O1             
was mixed with undiluted McAb, F18P66C, specific to V. ordalii ATCC            
33509, the V. anguillarum bacteria were found to attach to fish cells                      
and were detected by McAb, F13P13F, specific to V. anguillarum.                      
However, neither strains of V. anguillarum attached to the fish cells if                      
they had been initially mixed with McAb F13P13F, raised to this                     
bacterium. This means that McAb specific to V. ordalii did not inhibit                          
V. anguillarum bacterial attachment and that V. ordalii was also not                     
neutralized by the McAb specific to V. anguillarum.  These data                       
indicated that the blocking of surface epitopes on Vibrio, by diagnostic             
McAbs, prevented attachment of the vibrios to fish cells. 
 
5.3.5 Titre of inhibiting McAbs 
 
Titres of McAbs ranging from undiluted supernatant to 1:32 completely             
inhibited bacterial attachment. McAbs diluted 1:64 or less did not                             
appear to inhibit bacterial adherence. 
 
5.4 Discussion 
 
It was reported that V. anguillarum serogroup O1 strains are the most               
important pathogens of the 10 serogroups with over 75% of all Vibrio                
infections     being     of     serogroup     O1     (Sorensen    et     al.,    1986).    The 
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Fig. 5.3. Attachment of V. anguillarum to a smear of rainbow trout gill                     
cells as determined by FITC-immunofluorescence.  x 100. 
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            (a)                                                (b) 
 
 
Fig. 5.4. Attachment of V. anguillarum to cryostat section of rainbow                        
trout as determined by FITC-immunofluorescence.   (a)   phase contrast, and             
(b)   FITC-immunofluorescence x 100. 
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pathogenicity to fish may be expressed by virulence, including such                      
factors as, cytotoxic and inflammatory activities of V. anguillarum                     
(Krovacek et al., 1987). However, in a manner similar to which V.                      
cholerae adheres to human small intestinal mucosa, V. anguillarum, V.                
ordalii and V. parahaemolyticus might also attach to fish cells and be                       
an important, first step in infection. The finding that diluted McAb                   
inhibited bacterial attachment to fish cells suggests further studies to               
determine if McAbs to prevent fish infections. Further research is                        
required into the mechanisms through which vibrios attach to fish cells. 
 
5.5  Summary 
 
Attachment of Vibrio pathogens to various cells of rainbow trout tissues                    
has been studied by using species-specific McAbs and FITC- 
immunofluorescence microscopy. Both V. anguillarum and V. ordalii, the 
causative agents of vibriosis, and V. parahaemolyticus, attached to                          
cultured cells of rainbow trout gonads, tissues of cryostat sections of                     
whole fish and smears of rainbow trout skin, gill, muscle, oral mucosa                       
and gut. The attachment was inhibited by species-specific McAbs. V.                
cholerae O1 has been reported to attach to mammalian cells of human and                
rabbit small intestines (Pierce et al., 1985; Gustafsson et al., 1985;                 
Yamamoto et al., 1988, 1989) but did not adhere to any type of trout                        
cell examined in the current study. The present research provides a               
preliminary step to the surveying of pathogenesis of Vibrio infections. 
 
It was not known whether rainbow trout is susceptible to all the marine              
vibrios used in the current study. Further investigative work to                        
determine how marine Vibrio play a role in the interaction between                      
bacteria and their susceptible host cells and the pathways of adherence                      
still needs to be carried out. 
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CHAPTER SIX 
 
SURFACE ANTIGENS ASSOCIMED WITH VIBRIO LIPOPOLYSACGJARIDES 
 
 
6.1  Introduction to lipopolysaccharides (LPS) 
 
Lipopolysaccharide (LPS) is basically a thermostable surface lipid- 
polysaccharide of gram-negative bacteria and forms an integral part of                       
the outer membrane structure (Inouye, 1979; Gustafsson et al., 1983;                       
Brade et al., 1987; Rozalski, et al., 1989). LPS is known to play an                   
important role in the expression of antigenicity and pathogenicity of                       
gram-negative bacteria. For example, LPS carries the antigenic                        
determinants of O-specificity (Nazarenko et al., 1989). LPS is an                   
endotoxin because it is incorporated within the bacterial cell wall and                    
causes a wide range of toxicities to animals (Braude, 1981). 
 
6.1.1  Basic structure of LPS 
 
In general, the LPS of bacteria from smooth bacterial colonies consists                
of two major parts, a hydrophilic polysaccharide and a hydrophobic                          
lipid known as lipid A. According to Westphal et al., (1983), the              
polysaccharide can be further subdivided into outer polysaccharide (O-              
antigen) and core oligosaccharide (Fig.6.1). Although the lipid A and                      
core polysaccharide of most gram-negative bacteria show similarities in                
structure and composition, the chemical structure of outer                          
polysaccharide is typically characterized by a high diversity among                  
different serotypes, even within a species. It contains a repeating              
oligosaccharide that can contain 1, to as many as 6 or 7, sugar units.                
Various types of LPS determine O-serological specificity of the molecule 
(Galanos et al., 1984; Chart et al., 1984; Nazarenko et al., 1989). In                    
bacteria that form rough colonies the O-oligosaccharides are lost                        
through mutations. These mutations result in the loss of enzymes                        
required to synthesize O-antigens or attach them to the core. Rough                     
bacteria lose hydrophilic surface properties normally provided by the                
abundant external sugars and no longer form smooth bacterial suspensions                 
in liquid cultures or smooth colonies on solid media (Braude, 1981). 
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Fig. 6.1. The three structural regions of bacterial lipopolysaccharide,                
exemplified by Salmonella LPS (adapted from Westphal et al., 1983). 
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6.1.2  Biological and immunological properties of LPS 
 
The finding that bacterial LPS acted as endotoxin resulted from                  
experiments in animals. The LPS was injected into animals causing a               
variety of physiological, biological and immunological reactions in                    
higher organisms; including pyrogenic shock, disseminated intravascular 
coagglutination (DIC), Shwartzman phenomenon and mitogenic action  
(Westphal et al., 1983; Su et al., 1990). Another biological activity                       
of LPS is the Limulus amoebocyte lysate reaction (Kreeftenberg et al.,                     
1977). The activities of LPS are thus complicated and multiple. 
 
Pyrogenic reaction 
 
Pyrogenicity has been shown to be a main property of LPS. For example,              
it has been observed that an intravenous injection of as little as 0.lµg                          
LPS of smooth bacteria into rabbits causes body temperature to rise                            
after a period of 10 to 20min with a peak at about 70min (Braude, 1981).             
Using isotope labelling techniques, it was shown that LPS possessed a                   
high affinity to erythrocytes. The count of white blood cells reduced                          
when the LPS endotoxin was injected into a rabbit. The endotoxin caused                  
the neutrophils and monocytes to release an endogenous pyrogen that had                 
an effect on the temperature regulation centre of the central nervous                  
system, resulting in an increased body tar (Wood et al., 1980).                                 
It has been reported that non pathogenic gram-negative bacteria also                   
contain endotoxins that can lead to pyrogenic reactions in animals                     
(Braude, 1981). 
 
Endotoxic shock 
 
Endotoxic shock can result in changes of circulatory function (Braude,                       
1981). The obstacles of systole and diastole of the small arteries and                     
veins occurred with a small injected dose of LPS causing the blood                       
pressure to fall in animals. If a large amount of LPS was given, it                            
caused the vessels to diastole, increased permeation and reduced                    
effective circulatory volume. The reduction of cardiac output resulted                          
in low blood pressure, and finally, endotoxic shock. In addition, LPS                          
has been shown to release vascular active materials, e.g. histamine and                   
kinins from platelets. These materials slow down blood circulation and               
increase hypotension. LPS also inhibited cardiomuscles utilizing oxygen                    
and resulted in a more severe endotoxic shock. 
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Disseminated intravascular coagglutination (DIC) 
 
Shwartzman (1928) reported that if a suspension of live or killed gram-              
negative bacteria was injected into a rabbit endothelium and then                            
followed by a second i.p. injection of different bacteria the local skin                     
of the second injection showed haemorrhage and necrosis within a day,                       
and the animals finally died. Microscopic examination revealed that the             
capillary vessels of the kidneys were filled with white blood cells and                
platelets. This occurred as a result of coagulating factor xii                                  
reacting with lipid A of the injected LPS thereby causing bleeding in                          
the skin and the kidneys. It was clinically called disseminated                     
intravascular coagglutination (DIC). 
 
Shwartzman phenomenon 
 
When LPS endotoxin was injected subcutaneously into a rabbit in doses of                  
a few micrograms a mild inflammatory reaction occurred in the skin. If                 
a second injection of the LPS, or another LPS, was given i.v. 24h after                        
the first injection, the skin site of the first injection became                             
haemorrhagic within a few hours. The lesion was characterized by the              
presence of increased leukocytes and platelet thrombosis, particularly                  
in venules. The reaction was defined as the localized Shwartzman                  
phenomenon. The reaction did not occur unless a sufficient number of                   
leukocytes were present in the circulation. If both injections were                       
given i.v., the animal usually died within 24h after the second                     
injection and bilateral cortical necrosis of the kidneys was regularly                    
found. It was called the generalized Shwartzman phenomenon (Shwartzman, 
1937). 
 
Mitogenic actions 
 
Mitogens are extracts from plants and bacteria that can stimulate                    
lymphocytes to proliferate and undergo blast transformation. Some                      
lectins, such as phytohemagglutinin A (PHA) and concanavalin A (Con-A)              
are mitogenic for T cells, but not for B cells. B lymphocytes are                       
usually activated by high molecular weight substances with repeating                           
units, e.g. LPS (Eisen, 1980). The mitogenic actions are related to the                   
lipid A moiety of the LPS molecule. LPS exhibits mitogenic activity and              
induces polyclonal antibodies of murine B lymphocytes as it enables B                       
cells to differentiate and multiply (Brade et al., 1988). 
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Limulus amoebocyte lysate activity 
 
Although endotoxins can be detected by their pyrogenicity to animals,                    
the sensitivity is still very low. In the 1970’s, the Limulus                            
amoebocyte lysate test was developed as a sensitive and rapid detection                     
test of small amounts of LPS (Kreeftenberg et al., 1977). Limulus is a                            
cold blooded crustacean known as a horseshoe crab. The soluble                     
materials secreted from its amoebocyte can be coagulated by as little                             
as 0.0005µg/mL of endotoxin, making LPS easily detectable. However,                   
this test does not possess specificity because the lysate can be                       
coagulated by a range of gram-negative bacterial LPS (Braude, 1981). 
 
6.1.3  Vibrio LPS 
 
Members of the family Enterobacteriaceae, particularly E. coli and                        
Salmonella, possess core LPS of oligosaccharide containing D-glucose, D-              
galactose, N-acetyl-D-glucosamine, L-glycero-D-mannoheptose and 3-deoxy-            
D-manno-2-octulosonic acid (ketodeoxyoctonate, KDO). In the family 
Vibrionaceae, this core has been reported to be absent, with the                      
exception of V. parahaemolyticus O6 (Kabir, 1982, 1983, 1987; Richardson               
et al., 1985; Hisatsune, et al., 1982, 1989). However, it has been                        
reported that Vibrio species do possess KDO but it is liberated only                          
after strong acid hydrolysis (Brade et al., 1983). 
 
Another area of research has concentrated on understanding the structure               
of the O-specific polysaccharide chain of vibrios. In V. fluvialis it                              
has been shown to consist of pentasaccharide repeating units, containing               
one N-acetyl-D-glucosamine and four L-rhamnose residues as follows 
(Nazarenko et al., 1989). 
 
 
 
The LPS of V. anguillarum and V. ordalii species that displayed common 
antigenic reactivity was analyzed by intrinsic 32P-radiolabelling  (Chart                      
et al., 1984). The findings showed that the morphologies of these LPSs 
corresponded to different serogroups. Furthermore, two minor proteins,                    
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one of which had a molecular weight of 49,000 to 51,000 D, was present                  
in outer membrane preparations, and was a strong antigen. It was common                
to all strains of V. anguillarum and to several strains of V. ordalii.                         
It has also been reported that a major outer membrane protein common to               
both species, acted as a weak antigen (Chart et al., 1984). 
 
Similarity of purified LPS of V. angui1larum and V. sa1monicida has been 
demonstrated by SDS-PAGE with silver staining and western immunoblotting             
(Bogwald et al., 1990). From their study of LPS preparations, V.               
salmonicida profiles showed low-molecular weight bands whereas V.      
anguillarum LPS demonstrated a low-molecular weight band and several                 
weaker high-molecular weight bands. The determination of V. anguillarum 
serotypes was based on the structure of the O-specific polysaccharide of                   
one V. anguillarum strain. The polysaccharide was shown to be a regular 
heteropolymer composed of a main chain of (1-4)-linked 3-acetamido-3, 6- 
dideoxy- β-L-glucose , alternately substituted through O2 with side-chain    
residues of 2-acetamido-2, 6-dideoxy-D-glucose, which seemed to be             
subsitituted either through O3 or O4 by propionyl groups (Banoub et al.,             
1987). 
 
In V. cholerae, LPS of the three major serotypes, Ogawa, Inaba and                        
Hikojima, were studied by Gustafsson and Holme (1985). Two                
polysaccharide fragments with molecular weights of approximately 9,000 D             
and 900 D were isolated by gel permeation chromatography of each LPS.                  
The 9,000 D fragment represented the complete polysaccharide chain,              
including group- and type-specific antigens, as well as core antigens,                 
whereas the 900 D fragment constituted the main part of the core region 
(Gustafsson and Holme, 1985). The study of V. cholerae indicated that                    
LPS from the Ogawa serotype could be resolved into two major bands by               
SDS-PAGE and that LPS from the Inaba serotype only one major band                 
occurred (Kabir, 1987). Data from molecular cloning of the LPS of V.              
cholerae demonstrated that a 15,000 D molecule was common to Inaba and 
Ogawa while another 5,000 D molecule was present in Ogawa only (Manning et 
al., 1986). 
 
There are common constituents in the LPS of gram-negative bacteria, and                   
as a result, the bacteria share a wide cross-reactive antigenicity.                         
Sciortino, (1985) investigated a number of McAbs made against V.                    
cholerae LPS. It was found that 12 out of 26 (46%) were cross-reactive                    
with LPS of other gram-negative bacteria, including two that recognized               
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lipid A. There is evidence that antibodies against lipid A and the core                  
exhibit in vitro cross-reactivity and in vivo cross-protectivity to                    
endotoxins (Rozalski et al., 1989). 
 
In the present study the LPS composition of various Vibrio species is              
reported, together with immunological properties of Vibrio LPS. 
 
6.2  Methods for study of LPS 
 
6.2.1  Extraction of LPS 
 
According to Luderitz et al., (1971), LPS contributed 1 to 4% dry weight                        
of the bacterial cell. A few methods have been used since the 1950s to                
isolate LPS from bacterial cell walls of rough or smooth phenotypes.                          
For the smooth-type LPS, the hot phenol-water purification method                   
developed by Westphal et al., (1952) resulted in very pure LPS                   
preparations. Rough-type LPS has been obtained by the petroleum ether, 
chloroform and phenol purification method developed by Galanos et al.,          
(1969). Both procedures have been extensively used and their                      
applicability to a wide variety of strains is well documented. In the                     
present research the hot phenol-water method was routinely employed                   
since organisms used were smooth phenotypes. In order to further purify                
LPS, ultracentrifugation was used to separate LPS from contaminating RNA             
and proteins (section 2.12.2). 
 
6.2.2  Detection of LPS by ELISA 
 
ELISA plates were coated overnight at 4°C with 100µL/well of a l0µg/mL              
LPS extracted from Vibrio species. The plates were blocked by the                  
addition of 100µL/well of 1% (w/v) BSA at RT for 4h. Immediately prior               
to use, the plates were washed 3 times with washing solution. Aliquots                     
of 100µL hybridoma supernatants were then added to the plates, prior to 
incubating then at RT for 3-5h. Following further washes with washing             
solution, 100µL of 1:1,000 diluted goat-anti-mouse-Ig-AP conjugate               
(Sigma A-0162) was added. The plates were incubated at RT overnight.                     
The unreacted conjugate was removed from the wells by washing 3 times                   
with washing solution. Finally, 100µL of ρ-nitrophenyl-phosphate                  
substrate (Sigma 104 phosphate substrate tablet) solution were added per                     
well   and   the   plates   were   incubated   at   37°C   for   100min.   The  resulting                    
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colours were then read at 405nm on a Flow MCC 340 mark 2 ELISA plate    
reader. 
 
ELISA plates were also coated with the heterologous bacterial LPS. A                  
100µL volume of each 10µg/mL LPS suspension was added to each well of a 
column and left in the cold room overnight. After blocking with 1%                      
(v/v) BSA, 100µL per well of specific hybridoma supernatants were added.             
The remaining steps were the same as for homologous ELISA. 
 
6.2.3  SDS-PAGE of extracted LPS 
 
The details of SDS-PAGE techniques are listed in section 2.10.2. LPS                   
was dissolved as 1mg/mL in sample buffer using a sonic bath at 4 0°C for                 
1min and then diluted 1:4 in sample buffer. Each sample was heated at                 
100°C for 5min before loading. 
 
The LPS separated in a polyacrylamide gel was fixed overnight by placing              
the gel into 200mL of 25% (v/v) isopropanol plus 7% (v/v) acetic acid in             
distilled water. The oxidation of the fixed gel was performed for 5min                       
in a freshly prepared solution containing l50mL of distilled water,                              
1.05g periodic acid and 4mL of 25% (v/v) isopropanol plus 7 % (v/v)                       
acetic acid. The gels were given eight 30min washes with 200mL of                  
distilled water. Silver staining was carried out in a solution                          
consisting of 28mL 0.1N NaOH, lmL of 29.4% (v/v) ammonium hydroxide 5mL 
of 20% (w/v) silver nitrate and ll5mL of distilled water for l0min. The                     
gels were washed in distilled water for 40min with 4 changes of                         
distilled water. The gels were developed for 10min in 250mL of                      
developer solution containing 50mg citric acid, 0.5mL of 37% (v/v)    
formaldehyde and 1L distilled water. This solution was prepared just                    
before use and used at an optimal temperature of 25°C to stain LPS. If               
the temperature of the solution fell, staining of protein and LPS                         
occurred. The colour development was stopped after lh in a bath                     
containing 200mL of distilled water plus l0mL of 7% (v/v) acetic acid.               
Finally, the gel was soaked in 200mL of distilled water. Each gel was                   
stored in a zip-lock plastic bag with a small amount of water to prevent 
desiccation. 
 
6.2.4 LPS immunoblotting 
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After performing SDS-PAGE, the gel was removed from the plates and 
equilibrated for 30min in 400mL of the transfer buffer containing 25mM                
Tris at pH 8.3, 192mM glycine and 20% (v/v) methanol. 
 
When setting up the transfer blotting cartridges it was essential that                     
all the air bubbles were removed between the polyacrylamide gel and the 
nitrocellulose membrane. Transferring was performed at constant voltage                       
of 30V, at PT, overnight. 
 
Development of transfer-blot used a similar procedure to that used in                  
section 2.11. 
 
6.2.5  Extraction of a LPS fragment common to Vibrio species 
 
Separation of LPS fragments was carried out by SDS-PAGE using a 2mm             
thick separating gel and a mixture of LPS from various Vibrio species.                  
After electrophoresis (section 2.10.2), the band of 15,000 D was cut out                   
and extracted in double distilled water overnight at 4°C. The extract                     
was spun down at 1,500 x g for 20min and the supernatant was lyophilized                   
to dryness. 
 
6.2.6  Preparation of polyclonal antibodies against a common Vibrio                    
LPS fragment 
 
The common 15,000 D LPS fragment isolated from vibrios (see results,               
section 6.3)  was serially diluted in 10-fold concentrations, i.e. 10µg                        
and lµg, in lmL double distilled water. The diluted LPS was mixed with                
equal volume Freunds complete adjuvant and 0.5mL of this mixture was              
injected i.p. into each three-week old female Balb/c mouse once a week                     
for three weeks. A control group was given 0.5mL mixture of Freunds             
complete adjuvant and double distilled water without the LPS. The mice                
were observed daily. A final boost was carried out by injecting i.p.                             
0.5mL volume of common LPS fragment in double distilled water per mouse 
without Freunds complete adjuvant. 
 
Four days after the last boost, the mice were bled from the retroorbital              
sinus and serial dilutions of the sera were tested by ELISA against the                     
15,000 D LPS fragment from PAGE, as well as sodium azide killed bacteria             
and live bacteria used to purify LPS. 
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6.3  Results 
 
6.3.1  Extraction and analysis of LPS 
 
The LPS extracted from V. cholerae by the hot phenol-water method and               
then ultracentrifuged was screened by UV at a wavelength range of 180 to         
350nm. There was a single peak at l90nm (Fig. 6.2) and were no                  
absorbance peaks within the 260 to 280nm range, indicating an absence of                 
RNA and protein from the LPS preparation. LPS extracted from other                
Vibrio species showed the same parity. 
 
6.3.2  Detection of LPS by ELISA 
 
Three McAbs were found to react widely in heterologous ELISA screening          
(Table 6.1). These McAbs, F11P411F, F7P52C and F7P63B, recognized                
almost all Vibrio species. In addition, McAb, F6P13G, reacted with all                
Vibrio as well as Aeromonas, Photobacterium and some gram-negative 
Enterobacteriaceae. Tests showed that only two McAbs, F11P411F and            
F7P52C, reacted with heat-stable antigenic epitopes, presumably LPS. 
 
LPSs extracted from nine Vibrio strains were tested against McAbs                  
specific to Vibrio species (Table 6.2). Each LPS was recognized by its              
own species-specific McAb. McAb, F11P411F, made against V. furnissii            
reacted with all of the LPSs, as well as whole cells of Vibrio species                         
(Table 6.1). All V. anguillarum and V. ordalii LPSs were recognized by                      
McAbs F13P13F, F14P55D and F18P66C, raised against V. anguillarum AFHRL 
1, V. anguillarum AFHRL and V. ordalii ATCC 33509, respectively. 
 
Table 6.1. Cross-reactivities of Vibrio-reacting McAbs. 
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Fig. 6.2. UV absorbance of pure LPS of V. cholerae Inaba 569B.                    
Extraction of LPS by hot phenol-water purification, followed by 
ultracentrifugation (according to Westphal et al., 1952). 
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Table 6.2.   LPS of Vibrio strains recognized by McAbs in ELISA. 
 
 
*   Purchased from Sigma. 
#   See section 2.1 for bacterial sources and codes. 
 
6.3.3  SDS-PAGE of LPS 
 
LPS bands on a SDS-PAGE gel were visualized by silver stain (Fig. 6.3).                
All LPSs possessed a common low molecular weight fragment of Vibrio             
species together with various high molecular weight fragments. LPSs of                
V. anguillarum AFHRL 1 and V. ordalii ATCC 33509 possessed many similar 
bands; differences were found between V. cholerae Inaba 569B and both V. 
anguillarum and V. ordalii. 
 
6.3.4  LPS immunoblotting 
 
Isolated Vibrio LPSs were transferred onto nitrocellulose sheet after                          
the SDS-PAGE. A fragment of 15,000 D, common to each of the Vibrio LPS            
was recognized strongly by McAb, F11P411F (Table 6.3, Fig. 6.4). McAbs             
that recognized heat-stable antigens also recognized this fragment. The                
LPS bands of V. anguillarum AFHRL 1, V. anguillarum Qld. 2628, V. 
anguillarum serotype O1 and V. ordalii ATCC 33509 were recognized by              
McAbs, F13P13F, F14P55D and F18P66C, raised to V. anguillarum AFHRL 1, 
AFHRL 43 and V. ordalii ATCC 33509, respectively (Table 6.3). 
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Fig. 6.3. SDS-PAGE silver strain of extracted Vibrio LPS. A, V.                        
cholerae Inaba 569B; B, sample buffer; C, V. ordalii ATCC 33509; D, V. 
anguillarum AFHRL 1; and E, low molecular weight range pre-stained            
standards (Bio-Rad). 
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Table 6.3.   Immunoblotting of Vibrio LPS using McAbs. 
 
 
*   Purchased from Sigma. 
#   See section 2.1 for bacterial sources and codes. 
 
 
6.3.5  Separation of a single common LPS fragment 
 
A 15,000 D fragment of LP, common to all vibrios, was separated by SDS-  
PAGE and then extracted from the gel. The fragment was used to immunize             
mice and then cross screen in ELISA using polyclonal antiserum. 
 
6.3.6  Production of antiserum against a carrion Vibrio LPS fragment 
 
Polyclonal antiserum was detected by ELISA at 4 days after the last                     
boost. The serum titrations to live Vibrio, killed Vibrio and Vibrio                         
LPS fragment were 1:5,000, 1:5,000 and 1:10,000, respectively. The              
polyclonal antiserum reacted strongly with whole LPS molecules, common             
LPS fragments, and sodium azide killed and live vibrios, but did not                     
cross react with other members of the family Vibrionaceae (e.g.                               
Aeromonas spp. and Photobacterium spp.) and gram-negative bacteria.                    
This polyclonal antiserum recognized, in immunoblots, a 15,000 D LPS              
fragment common to a large range of Vibrio species. 
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Fig. 6.4. Immunoblotting of extracted Vibrio LPS using Fl1P411F McAbs.                 
A, V. anguillarum AFHPL 1; B, V. ordalii ATCC 33509; C, V. anguillarum  
2628; D, V. anguillarum Denmark O1; E, V. furnissii ATCC 33509; F, low 
molecular weight range pre-stained standards (Bio-Rad); G, V.        
parahaemolyticus FC1011; H, V. alginolyticus ACMM 101; I, V. cholerae            
Inaba 569B; and J, V. cholerae Inaba 569B (Sigma). 
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Of the mice that were challenged with 2.5µg/mouse of the common fragment             
of LPS, 2 out of 4 died within 48h. These mice were found to have many            
bruises on their tails before they died. All mice injected with                              
0.25µg/mouse survived, as did the control group injected with double            
distilled water. 
 
6.4.1 Discussion 
 
LPS represents the major surface antigens of gram-negative bacteria and                   
the endotoxin exhibiting numerous biological activities in higher                   
organisms; including pyrogenicity, shock, disseminated intravascular 
coagglutination (DIC), Shwartzman phenomenon and mitogenic principle            
(Wood et al., 1980; Braude 1981; Westphal et al., 1983; Su et al.,                             
1990). According to the behaviour of electrophoretic bands, all LPS                   
bands in the present study were of two patterns. One pattern had high                         
molecular lights matching the O-specific polysaccharides and the other               
pattern had lower molecular weights consistant with core oligosaccharide               
and lipid A (Figs. 6.1, 6.3 and 6.4). 
 
Antibodies to O-polysaccharide have been shown to afford protection to         
infection. However, their protective effects were limited to the                   
serotype for which they are specific (Gustafsson et al., 1983, 1985).                       
In immunoprophylaxis and immunotherapy of Vibrio infections, and to the 
subsequent deleterious effects of endotoxin, the lipid A and core             
oligosaccharide are particularly interesting because they represent                  
antigenic structures common to a larger group of bacteria (Brade et al.,                  
1983). When vibrios suspensions were heated to 100°C for 2h, they                         
failed to be recognized by two of the four broad spectrum McAbs, F7P63B             
and F6P13G, but still strongly reacted to two other McAbs, F11P411F and 
F7P52C. The first two McAbs were considered to involve heat-labile                    
surface antigens and the other two were regarded as identifying a heat-                
stable polysaccharide. The heat-labile epitopes ‘were likely to have                       
been proteins or enzymes, while the heat-stable determinants were shown                       
to be thermostable polysaccharides or oligosaccharides. The different           
properties of LPS were determined by SDS-PAGE gel silver staining and 
immunoblotting, as well as biological toxicity. The component was                  
unlikely to be lipid A as it could not be stained by silver staining                     
specific to LPS and would have run out of the gel due to its small                    
molecular weight . 
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In the present study a 15,000 D common fragment isolated from Vibrio                               
LPSs by SDS-PAGE was used to inject mice. It caused the experimental                
mice illness and death at a 2.5µg dose of LPS. It seems that a similar                  
finding was found by Galanos and co-workers (1985) who demonstrated 
endotoxicity remaining after removing lipid A from LPS. 
 
Earlier in this chapter it was mentioned that the LPS of Vibrionaceae                         
was unlikely to have KDO and that this was a major difference to the LPS                 
of other gram-negative bacteria. The KDO does not specifically                      
contribute to endotoxic reactions, but may serve as water-solubilizing                
carriers (Westphal et al., 1983). However, there is the possibility                               
that the KDO does exist in Vibrio species, with a substituted sugar                                 
moiety, i.e. fructose which is released from LPS by heat treatment at                       
100°C for lh in diluted acetic acid (Kabir, 1982; Brade et al., 1983;                 
Hisatsune et al., 1989; Hisatsune et al., 1990). During the present                           
study, the cross-reaction of LPSs from different vibrios was observed                 
by ELISA and a common component of LPS within Vibrio species was 
consistently found by the immunoblotting technique. These findings were 
consistent with the cross antigenicity of whole sodium azide killed                      
Vibrio and live Vibrio cells, and revealed that the common antigenic                 
epitope could be shared with all Vibrio strains within the species. The                    
highly unique bands (Fig. 6.4) were developed after immunoblotting              
although the various patterns of LPS were shown by SDS-PAGE gel silver 
staining (Fig. 6.3).  Therefore, this fragment was presumed to be a                   
common Vibrio antigen. Studies by Mutharia et al., (1985) demonstrated                   
that all Pseudomonas strains share a common outer membrane antigen, and 
different gram-negative bacteria have cross reactions of lipid A. 
 
The current studies have shown that a single 15,000 D fragment of LPS                   
was found to have significant antigenic, immunogenic and pathogenic              
properties. It reacted strongly with both monoclonal and polyclonal               
antibodies, and induced antibody production and pathogenicity within                    
mice. The fragment might be used to produce a vaccine providing                
protection against infections from all pathogenic Vibrio bacteria.                  
Polyclonal antiserum specific to a common single fragment of Vibrio LPS                        
could be used for immunoprophylaxis of acute infection of fish. As                 
shown by Rozalski et al., (1989), the majority of antibodies in                       
polyclonal antisera are directed against complex epitopes comprising                      
parts of both the lipid A and the inner core region. In order to                          
develop a highly effective and low toxic vaccine, it would be necessary               
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to remove the toxic element and preserve antigenic epitopes of this                
molecule. Further research is required to elucidate the potential of                      
current findings. 
 
Although cholera enterotoxin plays an important role in cholera                 
pathogenesis, the endotoxin is also responsible for infection in humans.                     
A vaccine containing LPS together with the B subunit of the cholera                   
toxin is more effective than that of the two components separately                
(Gustafsson et al., 1983). As for most infections of Vibrio in fish and             
shellfish, the exact pathogenic factor is not yet known, but from signs                    
of the diseased fish, viz. vibriosis, haemorrhage, ulceration, necrosis,                          
it appears LPS (endotoxin) could play an important role (Schiewe et al.,                  
1981; Banoub et al., 1987). However, there are reports that other                     
products, such as haemolysins and proteases, cause tissue damage (Kreger             
et al., 1984; Kothary et al., 1985; Wright et al., 1985). There is some              
interesting and important research to be done in this area of Vibrio         
pathogenicity. 
 
6.5  Summary 
 
A series of LPSs of selected pathogenic Vibrio species have been                      
purified by hot phenol-water extraction and ultracentrifugation. The                    
LPSs were then separated by SDS-PAGE. Lipopolysaccharides were             
visualised by silver stain and immunoblotting. In the latter, LPS was           
transferred onto nitrocellulose membrane sheets and were detected by a              
number of McAbs against Vibrio pathogens. Immunological cross               
reactivities were assessed by ELISA. The results indicated the presence                    
of an immunologically shared common 15,000 D LPS fragment within the           
genus Vibrio. The ELISA results also demonstrated wide cross-                    
reactivities with LPS extracted from the Vibrio species. Experiments               
indicated that the common LPS component killed mice at a dose of 2.5µg                
and induced production of high antibody titres at a lower dose of                                   
2.5µg. Further study of common components of Vibrio LPS could provide                         
an approach to the production of an effective vaccine. The presence of                  
common components provides for the rapid diagnosis of both marine and             
human Vibrio infections. 
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CHAPTER SEVEN 
 
GENERAL DISCUSSION 
 
 
7.1  Characterization of Vibrio by biochemical reactions 
 
The major biological characteristics of Vibrio species include oxidase  
production, the ability to grow on TCBS selective medium and a wide              
range of salt concentrations, sensitivity to the reagent 0/129 and the              
production of gelatinase (West et al., 1984; Lee et al., 1985; Bryant et                 
al., 1986). These properties have been used for differentiating vibrios                      
from other gram-negative enteric bacteria as well as distinguishing                  
between various members of the family Vibrionaceae. For example,                    
vibrios grow on TCBS agar as yellow or green colonies, depending on                   
their ability to utilize sucrose; other enteric gram-negative bacteria                            
do not grow on this selective medium. The sensitivity to 0/129 is also                  
used to differentiate Vibrio from Aeromonas species (Table 2.2). Most              
vibrios are sensitive to 0/129 whereas Aeromonas species are always               
resistant (West et al., 1984). The identification of Vibrio species by            
conventional biochemical tests is a relatively complicated and time             
consuming procedure. The genus Vibrio, which includes 29 species, has              
been subdivided into 6 groups based on a set number of biological             
characteristics (Lee et al., 1985; Bryant et al., 1986). However, each                    
group consisted of from 1 to as many as 9 species. Similarity between                
vibrios has consistently caused problems in the identification of                      
species within the genus. There have been a few reports on                        
classification studies of Vibrio based on DN hybridization techniques                      
and analysis of RNP sequences (Morris et al., 1987; Molitoris et al.,                      
1989; Rehnstam et al., 1989; Starliper et al., 1989; Tsai et al., 1990).                    
These methods provided genetic relatedness of the closely related                   
species but did not clearly distinguish between them. 
 
7.2  Library of Vibrio McAbs 
 
In the present research, a library of over 102 McAbs, has been developed                   
from 12 fusions, using 10 Vibrio species. These species include nest of                      
the Vibrio pathogens causing diseases in humans, fish and shellfish.                    
Isotyping of monoclonal immunoglobulins indicated that lgG was the major 
murine McAb produced. For example 84 of 102 (82.35%) McAbs were lgG. 
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Only 13 (12.75%) were 1gM and 2 were IgA. One IgA was specific to V.              
parahaemolyticus, the other reacted with V. furnissii. The significance                   
of IgA in this case is not yet known. As a non-invasive, infectious           
microorganism in the gastrointestinal tract, V. parahaemolyticus may be             
inhibited by IgA at human mucosal surfaces. It has been confirmed that                
IgA antibody can also block V. cholerae attachment to human and mouse                
small intestinal cells (Pierce et al., 1987; Winner et al., 1991). 
 
The numbers of κ and λ light chains detected in the 102 McAb were 99                     
and 3, respectively. This is consistent with previous research that the                  
number of immunoglobulins produced with κ light chains in mice was 
approximately 95% Calvanico, 1984). 
 
Of 102 McAbs, 55 (53.92%) recognized heat-stable antigens, 37 (36.28%)                       
reacted with heat-labile antigens and 10 (9.8%) were against partially             
heat-stable antigens. 
 
Although the McAbs in the library covered most pathogenic vibrios of               
humans and fish, there is a need for further development of McAbs                          
against additional vibrios which are probably pathogenic. They include                 
these species pathogenic for humans, namely V. fluvialis (Lee et al.,                   
1978; Tacket et al., 1982), V. hollisae (Kothary et al., 1987), V.                 
metschnikovii (Blake et al., 1980; Niyake et al., 1988) and V. mimicus           
(Shandera et al., 1983; Chowdhury et al., 1989); and the species                    
pathogenic for fish, including V. salmonicida (Egidius et al., 1986;                    
Wiik et al., 1989) and V.  tubiashii (Hada et al., 1984; Myhr et al.,                       
1991). 
 
7.3  Significance of species specificity of McAbs 
 
The species-specific antibodies were of use in the identification of               
pathogenic species. However, some species-specific McAbs recognized                  
only one of several strains within a species. For example, the McAbs                      
raised to V. anguillarum AFHRL 1 recognized serotype O1 Denmark V. 
anguillarum but not serotypes O2 to O10. It was reported that V.             
anguillarum serogroup O1 strains were the most pathogenic of the 10             
serogroups with over 75% of all infections being accounted for by                  
vibrios of serogroup O1 (Sorensen et al., 1986). Of the 16 strains of                 
Australian isolates of V. anguillarum held in stock, all but 2 V.                    
anguillarum serotype 01. Therefore, the species-specific McAbs are                   
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useful for the identification of Vibrio isolates at the species level,                      
and sometimes at the level of serotypes. 
 
Several McAbs that cross-reacted with different species of Vibrio did so                
with only a few taxonomically similar Vibrios, e.g. V. parahaemolyticus                
and V. alginolyticus.  V. alginolyticus had previously been classified                        
as biotype 2 of V. parahaemolyticus, and both share a canton H-antigen.                
Another example was the closely related species, V. anguillarum and V.                 
ordalii. However, the McAbs produced in the present study made these              
species differentiations possible. 
 
7.3.1  Identification of unknown Vibrio isolates 
 
It is often difficult for a clinical laboratory to conclusively identify                       
isolates at the species or strain level. Studies were carried out using                       
a variety of McAbs to screen over 90 gram-negative bacteria, of which                  
most belonged to Vibrionaceae. Amongst these, 7 were isolated from                  
marine animals in Tasmania and labelled as unknown vibrios, A to G for               
blind testing. One Vibrio isolate was from an unknown diseased animal                     
in Thailand. The results of studies with McAbs gave a general agreement                
with the results that were obtained from the original laboratories.                      
Another 5 were clinical isolates from Royal North Shore hospital,                    
Sydney, and had been typed as Vibrio species. Three were identified as                     
V. alginolyticus, V. parahaemolyticus and V. vulnificus respectively.                       
The other two could be named as vibrios only as they re recognized by                                        
the genus-specific McAbs. Clinical isolates of V. fluvialis. V.                        
alginolyticus, V. parahaemolyticus and V. vulnificus were increasingly              
reported in clinical laboratories. In particular, more and more V.                          
vulnificus were isolated from patients with wound infections and lethal                
systemic septicaemia (McSweeney et al., 1977; Johnston et al., 1986;                                
Morris et al., 1989: Maxwell et al., 1991;).  V. alginolyticus was the                        
most frequently isolated species from sea water and the environment                     
(Chan et al., 1986). The importance of this species needs to be                         
clarified. However, the number of unknown isolates for testing were                      
limited, and further testing is required. 
 
7.3.2  Taxonomy of Vibrio 
 
The genus Vibrio has expanded from 5 recognized species in 1974 to 29              
species (Lee et al., 1985; MacDonell et al., 1985). Some species have                          
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been transferred into Vibrio from other genera, e.g. Beneckea and            
Lucibacterium which have now been abolished. The conventional tests             
that have been employed in the identification of Vibrio species has                  
generally been inadequate. For example, V. anguillarum serotype 2 was              
renamed as V. ordalii by Schiewe et al., in 1981 and V. parahaemolyticus              
biotype 2 was renamed as V. alginolyticus in 1980 (Skerman et al.,                  
1980). Similarity of biochemical reactions and morphology within the                   
genus has caused difficulty in the clinical diagnosis and identification                        
of Vibrio. However, the clear differentiation of immunoreactions                     
between different species or strains of the genus has allowed for                          
correct classification of the species. In the current study two                               
strains, V. ordalii ATCC 33509 and V. anguillarum QLD 2628, were                       
difficult to identify by conventional biochemical methods including the                   
API-20 compound diagnostic scheme. However, by immunotyping methods, 
using McAbs, V. anguillarum Qld 2628 was strongly recognized by a McAb 
raised to V. ordalii ATCC 33509, but weakly recognized by McAbs specific                      
to V. anguillarum serotype O1 strains. It is possible that V.                   
anguillarum QLD 2628 represents a serotype other than O1 strain of V.  
anguillarum or it is really V. ordalii.  V. parahaemolyticus and V.                    
alginolyticus were known to share common flagellar antigenic                               
determinants, e.g. the H-antigen (Stein et al., 1984; Baumann et al.,                    
1984), and this accounted for cross reactions in immunoblots. These two          
species were found to be recognized by 22 McAbs produced against V. 
alginolyticus. In addition, V. damsela which was reclassified into                          
genus Listonella (MacDonell et al., 1985) was found to be recognized by              
McAbs produced in the present study against other species within the                   
genus Vibrio. It is interesting that the genus-specific McAb, F11P411F,                    
did not recognize this species in both forms of heat-stable and heat-                       
labile antigens. As only one V. damsela was held in this laboratory, a            
number of V. damsela isolates would be required for further screening to             
clarify the status of F11P411F. 
 
7.4  Cross-reactions of McAbs within the genus Vibrio 
 
McAbs showing cross-reactions within the genus Vibrio included 3 that                
reacted with nearly all species. These McAbs recognized epitopes common                
to vibrios and were of use for determining whether a bacterial isolate                        
was a Vibrio species in preliminary screenings of isolates. 
 
7.4.1 Cross-reactions of McAbs with killed cells 
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Sodium azide-killed vibrios were normally used as antigens for screening                   
of McAbs. It was expected that surface antigenic determinants of                    
bacteria were relatively unaffected after treatment by sodium azide. In                 
testing Vibrio isolates, both killed cells and live cells were used as                   
antigens. ELISA results indicated the optical densities did not                      
significantly differ between live and killed cells. In addition,                                   
formalin fixed vibrios were also recognized by the McAbs. Reactivity of           
formalin fixed cells to McAb was similar to that of the live bacteria. 
 
These results showed that the bacteria that are sodium azide killed or               
formalin fixed are very useful in immunotyping. This would facilitate                    
getting the strains through a quarantine agency and in safe handling                     
during testing. 
 
7.4.2  Cross-reactions of McAbs with live cells 
 
During the present research, some live bacteria grown on agar were also                   
used for cross screenings in ELISA, in particular, in blind testing.                          
They included V. alginolyticus, V. anguillarum, V. cholerae, V. damsela,               
V. fluvialis, V. harveyi, V. ordalii, V. parahaemolyticus and V.                      
vulnificus isolated from diseased marine animals or hospital patients.                     
With FITC-immunofluorescence, it was impossible to use live bacteria as 
antigens as the bacteria needed to be fixed by heating or formalin.              
Identification of clinical isolates was much quicker when live rather                 
than killed bacteria were used as antigens as the later did not undergo                          
the procedure for killing. 
 
7.4.3  Cross-reactions of McAbs with LPS 
 
Common component of LPS extracted from Vibrio species was detected by                            
McAbs. The extracted LPS molecule of different Vibrio species was               
recognized by species-specific McAbs as well as the genus-specific McAbs               
in ELISA and immunoblotting techniques. McAbs which reacted with              
extracted LPS also reacted with heat-stable antigens. The recognition                        
of heat-stable Vibrio antigens by McAbs plays an important role in the 
identification of gram-negative bacteria. Gram-negative bacteria have                    
heat-stable antigens on LPS that are not present on gram-positive                      
bacteria (Murray, 1990). Heat-labile antigens are probably structural                        
proteins of flagella, pili, surface membranes and enzymes. These                         
antigens lose their antigenicity by denaturation on heating. It was                           
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found that McAbs which reacted with heat-stable antigens always                
recognized unheated whole bacteria. For example, a McAb raised to V.               
ordalii ATCC 33509 reacted with unheated V. ordalii as well as heat                   
treated V. ordalii. Therefore, it is believed that the heat-labile                              
surface epitopes and heat-stable antigens on the cells were                      
simultaneously present. 
 
7.5  Cross-reactions of McAbs with other gram-negative bacteria 
 
Most McAbs which widely cross-reacted with other enteric gram-negative 
bacteria other than the family Vibrionaceae were not included in the                      
library of McAbs. However, a few McAbs were found to cross-react with                          
some non-Vibrio members of the family Vibrionaceae, but usually                 
exhibiting lower reactivities than with vibrios. It is possible that                           
there are common parts of O specific polysaccharide within the family 
Vibrionaceae. An unusual phenomenon occurred with a McAb, F6P13G,               
raised to V. parahaemolyticus which widely cross-reacted with all                    
vibrios, most Aeromonas, Photobacterium, Plesiomonas and nearly all                 
other gram-negative enteric bacteria held in this laboratory. The                      
common component may not be O antigen because O antigen is species-            
specific. There are reports of antibodies reacting against lipid A                      
(Mutharia et al., 1984; Rozalski et al., 1989; Su et al., 1990) but the                  
real nature of the cross-reacting common antigen is still undefined. 
 
7.6  Attachment of Vibrio to fish cells 
 
Attachment of vibrios such as V. cholerae O1, V. cholerae non-Ol and V. 
parahaemolyticus to human and rabbit small intestinal cells have been                
reported by a number of laboratories (Pierce et al., 1985; Gustafsson et              
al., 1985; Teppema et al., 1987; Yamamoto et al., 1988; Yamamoto et al.,               
1989; Nakasone et al., 1990). However, there has been little research                   
on the attachment of marine vibrios to fish cells. Similar to the                           
adherence of V. cholerae to human small intestinal mucosa, attachment of                
the fish vibrios, V. anguillarum and V. ordalii, to fish cells may be an               
important first step in the infection of fish. In the present study,                            
Vibrio pathogens of fish and shellfish including V. anguillarum serotype O1 
strains, V. ordalii and V. parahaemolyticus were found to attach to                     
rainbow trout cells. The attachment of these vibrios to fish cells was                     
found to be inhibited by species-specific McAbs. The other Vibrio                    
pathogens of fish did not appear to adhere to fish cells. It is                                  
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possible that other vibrios can attach to non-trout cells, i.e.                            
attachment of specific vibrios require susceptible host cells. That                       
diluted McAbs can inhibit bacterial attachment to fish cells provides                        
the possibility that McAbs can be used for small scale prevention of                     
fish infections. 
 
As for a diagnostic strategy, marine vibrios from smears or cross-                          
sections of diseased fish may be detectable, based on attachment and                
attachment-inhibition testing using species-specific McAbs. Further                  
studies of how V. anguillarum, V. ordalii and V. parahaemolyticus                     
attached to fish cells, and why other pathogenic vibrios of fish did                              
not, will be required. 
 
7.7  Carrion LPS fragment of Vibrio 
 
Cross-reactions occurred with a common LPS fragment of extracted LPS as               
well as with whole cells. The electrophoresed and silver stained bands                         
of extracts of V. anguillarum, V. cholerae and V. ordalii showed several 
differences. Bands recognized consistently by McAb F11P411F in the 
immunoblotting technique corresponded to a 15,000 D molecular weight              
protein. Various investigators (Chart et al., 1984, Gustafsson et al.,                   
1985; Manning et al., 1986) have demonstrated that the different                      
serotypes of V. cholerae and different species of vibrios, e.g. V.                    
anguillarum and V. ordalii shared common LPS or determinants on the                   
outer membrane preparations, which were part of the whole LPS. In the              
present research, the common LPS fragment was separated by SDS-PAGE and 
used to immunize mice. The immune serum not only reacted with this              
fragment but also reacted with whole LPS, as well as live and sodium                     
azide killed vibrios. It seems that this fragment is common to all                        
Vibrio species and might be used as a vaccine. 
 
7.8  Carrion flagellum antigenicity of Vibrio 
  
Cross-reaction of flagellar antigens of V. parahaemolyticus and V.              
alginolyticus was reported by Baumann et al., (1984) and Stein et al.,                       
(1984). Of the 46 McAbs raised to V. alginolyticus 22 cross-reacted                    
with all three strains of V. parahaemolyticus. Through a series of                         
serum agglutination tests, it was found that the anti sera against V.                       
cholerae and V. fluvialis strongly cross reacted with V. cholerae non-                    
O1, V. anguillarum and V. metschnikovii (Stein et al., 1984). The                    
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purified flagella from both species were used as antigens in ELISA and 
immunoblotting. These McAbs may be of diagnostic and taxonomic             
significance in these vibrios. 
 
7.9  Possible application of polyclonal antiserum to Vibrio LPS 
 
Polyclonal serum against vibrios has already been extensively reported               
(Kakir, 1982, 1985; Adams et al., 1984). In the current study, the                      
reactions of polyclonal antiserum were studied against a common single                 
lips fragment of Vibrio. This polyclonal antiserum reacted with                      
extracted LPS molecules of Vibrio, as well as live and sodium azide              
killed vibrios. The LPS fragment common to all vibrios was found to be                        
a 15,000 D fragment by SDS-PAGE electrophoresis. After extraction from                 
gel it was used to immunize animals. The common fragment killed mice at                
high doses and provided strong immune response at low doses (see Chapter                  
6 for results). Some mice which survived exhibited systemic endotoxicity               
or local Shwartzman reactivity. Findings reported by Galanos et al.,                   
(1985) indicated that endotoxicity of LPS existed after the removal of                     
lipid A from the LPS showing that the LPS component possessed toxicity.               
This implies that if the toxic unit of the common LPS fragment could be                
removed and the antigenic determinant still retained, the remaining part                 
of the LPS could be used as an effective vaccine. 
 
7.10  Diagnostic significance of McAbs against vibrios 
 
Conventional identification used for primary selection of Vibrio strains                      
was complicated, time consuming and often not clearly confirmed. 
 
The species-specific McAbs produced against different Vibrio species                  
were of importance in diagnosis and confirmation of Vibrio isolates.                  
Genus-specific McAbs cross-reacted with all species within the genus                     
Vibrio and were useful in distinguishing Vibrio species from other                       
numbers of the family Vibrionaceae (i.e. Aeromonas, Photobacterium and               
Plesiomonas) and Enterobacteriaceae. McAbs, used together, may provide                
comprehensive diagnostic tests for Vibrio infections of humans, fish and             
shellfish. Further applications of McAbs include epidemiologic surveys               
of cholera, surveillance of infections and quarantine, monitoring the                       
level of bacteria in fish farms as well as other basic research. 
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Appendix  1 
 
Appendix 1.1.  Cross-screening results of McAbs produced against vibrios. 
 
Immunizing strains: refers to the Vibrio species used to immunize mice and 
produce McAbs (see section 2.5 for methods). 
 
McAb: refers to hybridomas produced from fusions using the immunizing             
strains (see section 3.2.3 for production of the hybridoma library). 
 
Isotype: refers to immunoglobulin heavy and light chains as determined for              
each McAb (see section 2.7 for methods). 
 
Epitope: refers to the heat stability of the Vibrio epitope recognised by                       
the McAb produced by each clone (see section 2.6.5 for methods). 
 
S:  heat-stable 
 
L: heat-labile 
 
PS: partially stable 
 
Rows: refers to the cross-screening ELISA results for the McAbs produced by         
the hybridomas. 
 
ELISA optical densities: 
 
+++: OD ≥ 2.000 (very strong positive) 
 
  ++: OD = 1.000 - 1.999 (strong positive) 
 
    +: OD = 0.600 - 0.999 (positive) 
 
 +/-: OD = 0.200 - 0.599 (questionable) 
 
    -: OD ≤ 0.199 (negative) 
 
Columns: refers to the wide range of bacteria used in the cross-screening                 
(see section 2.1 for the bacterial codes). 
 
 


